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New TAG 





General Catalog 


RESENTING the complete line of TAG 

Controllers, Recorders, Dials, Thermom- 
eters, Hydrometers, Oil Testing Instru- 
ments, Steam Traps and Moisture Meters— 
all under one cover. Just off the press—it’s 
far more than a mere catalog—it’s a hand- 
book of instruments that should be on your 
desk. 


MAIL COUPON TO-DAY! 


C. J. Tagliabue Mfg. Co.. Park & Nostrand Aves.., Brooklyn, N. Y. 


Gentlemen: 
Please send me the New TAG General Catalog * 1000-I 
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Fractional Horsepower Motors 
for Every Application 





A.C. & D.C. Motors With Wool-Packed Bearings 


There are practically no lubrica- 
tion problems with Bodine Type N 
motors. The non-freeze, leaded 
bronze bearings are wool-packed. 
4 generous supply of oil reaches 
the motor shaft and bearings. 
Long, uninterrupted service with 
little attention is assured. Get all 


concerning the new 
N line of fractional 
horsepower motors. Their modern 
lines meet every demand. They 
are a sales asset to any machine. 
Built to the new NEMA Standards 
for Long Hour Service. Send for 
latest description bulletins, to-day. 


the facts 
Bodine Type 


Other Bodine Motors for Laboratory and Industrial Service 





Types N-3 and N-5 Motors are 
rated from 1/30 H.P. to \¢ H.P., 
at standard speeds for alter- 
nating and direct current ser- 
vice. Write for bulletins, to-day. 


Leading instru- 
ment manu- 
facturers have 
adopted Bodine 
standard and spe- 
cial motors for 
their equipment. 














Vertical or flange mounted 
motors, with ball bearings, 
solve many difficult design 
problems. Umbrella covers are 


optional on vertical motors. 


Send for catalog 


Bodine Electric 
Company 
2244 W. Ohio St. 
Chicago, Il. 
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The Complete 
OSCILLATOR 





The Weston Oscil- 
lator, in construction 
and performance, is 
an outstanding 
achievement. It is 
extremely practical 
and unusually com- 
plete. Refinements 
in construction—not 
available in other os- 
cillators — permit a 
wider servicing 


scope and = assure 


continuous, reliable and accurate service of vital importance in servicing the modern 


highly selective radio receivers. 


Weston Model 590 Oscillator is invaluable for aligning |. F. stages and gang con- 
densers, in determining the sensititivy of receivers, in making selectivity tests, for 
checking R. F. transformers, and condensers, and the oscillator stage of radio receivers. 
Model 590 covers the broadcast band of 550 to 1500 kilocycles and the intermediate 


frequency band of 110 to 200 kilocycles. 


Frequencies between 200 and 550 and 


above 1500 kilocycles may be obtained by means of harmonics. 


FEATURES OF MODEL 590 


GRID DIP MILLIAMMETER—which also 
definitely indicates that oscillator is functioning. 
Also serves as filament and plate voltmeter. Battery 
adjustment to regulate filament voltage to maintain 
calibration. 


TWO INDEPENDENT VARIABLE RANGES— 
550-1500 kilocycles and 110-200 kilocycles. 
Frequencies between 200 and 550 and above 1500 
kilocycles obtained by means of harmonics. 


VARIABLE OUTPUT CONTROL—from less 





than one microvolt to 5000 microvolts—minimum 
output so low that it can hardly be heard on even 
the most sensitive sets. 

FULLY SHIELDED—thick cast aluminum case— 
partitioned to accommodate batteries and output 
meter. 

OSCILLATOR—uses two '30 type tubes, four 
standard flash light dry cells, and one small 2212 
volt ''B"’ battery. Changing tubes does not change 
calibration of oscillator. 


—WRITE FOR DETAILS— 


ELECTRICAL INSTRUMENT, CORPORATION 


NEWARK, N. J. 


above company, please mention INSTRUMENTS 


591 Frelinghuysen Avenue 


When writing to the 
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A SHOP 
MICROSCOPE 


— for inspections 


and measurements 


One of the most valuable instruments 
for shop inspections is the B&L Shop 
Microscope. It is a small, portable 
instrument for rapid examination or 
measurement of surface characteristics. 
It has an eyepiece scale calibrated in 
thousandths, and it is easy to estimate 
a quarter of the interval. This rugged, 
simple little instrument carries its own 
illumination. 


The Shop Microscope is used for ex- 
amining the edges of cutting tools, in- 
specting surfaces for cracks, flaws or 
blow holes, measuring the diameters 
of small holes or Brinell impressions, 
and has a host of other practical ap- 
plications. 





B &L Shop Microscope 


Send for our booklet on Inspection Microscopes. 


BAUSCH & LOMB OPiICAL CO. 
615 St. Paul Street « » Rochester, N. Y. 






‘ware VISION THROUG 
OPTICAL SCIENCE 
BAUSCH 
¥ LOMB 


—< 

















Makers of Orthogon Eyeglass Lenses for Better Vision 





7 
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L&N No. 4725 Wheatstone Bridge 


For Routine Laboratory Resistance Measurements 






No. 4725 Open Dial 
Wheatstone Bridge. . .$175.00 
1/6 Actual size—Cover not shown 


HE dial construction of this bridge allows very rapid 

operation and the limit of error of 0.05% is small 
enough for most work. Five decades are provided each 
having nine coils, except the 0.1 ohm decade, which has 
ten coils to permit interchecking the dials. Two ratio 
coils of each value are provided, and any coil can be 
connected in either arm of the bridge. When using a 
1 to 1 ratio the equality of the ratio arms can be checked 
by reversing them, and when using an uneven ratio, 
duplicate coils serve as a check on each other. The coils 
are wound on metal spools soldered directly to rods 
integral with the exposed switch contacts, the contacts 
serving as heat radiators. The black metal case is 
perforated not only to assure good ventilation in air but 
to permit the box to be immersed in an oil bath. The 
coils dissipate (.5 watt each. The metal parts are 
heavily nickel plated and the top plate is polished hard 
rubber. The instrument has a polished mahogany cover. 


Write for Catalog 40-I 






LEEDS & NORTHRUP COMPANY 


4901 STENTON AVENUE PHILADELPHIA, PA. 


LEEDS & NORTHRUP 


HUMP AND HOMO HEAT TREATING FURNACES ELECTRICAL MEASURING INSTRUMENTS 
AUTOMATIC COMBUSTION CONTROL POTENTIOMETER PYROMETERS 
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THE NEW 
DENNIS 


MELTING POINT APPARATUS 


assures 


SPEED, ACCURACY AND SIMPLICITY 


For Melting Point 
Determinations 










Melting point apparatus 
connected to potentiom- 
eter ready for use. 


OR research in 
organic chem- 


istry the apparatus 
finds extensive use because of 
the unusual speed and accur- 
racy it provides in making 
melting point determinations. 
Even those materials which dissociate or sublime when heated 
can be tested with ease by this method. 
In industrial control problems for controlling the melting 
point of materials the determinations are made easier with this 
apparatus. 
By its use melting points can be determined with a high degree 
of accuracy and with a minimum of time and effort. All errors 
due to thermometer lag or due to moving the thermometer are 
eliminated. Its operation is so simple and direct that unskilled 
operators can make accurate determinations. Melting point 
determinations from 25°C to 300°C can be covered. Operates 
on a 110 Volt Circuit. 

For further information write for Bulletin E 11. 


BURGESS-PARR COMPANY 


DIVISION OF C.F. BURGESS LABORATORIES INC. 
lil WEST MONRGE STREET 
CHICAGA, ILLINAIS 
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EDITORIAL COMMENT 








Reader Cooperation 


ROM the establishment of this magazine three and a half years ago to the 

present day, we have been told that its advertising pages are of practical 
interest to our readers no less than are the articles, announcements of new 
instruments, current literature abstracts and book reviews. 


A striking proof of this was afforded by the fact that one of the advertise 
ments in the June issue “drew” no less than sixty-six inquiries and two 
orders. 

But here is the interesting part: It appears that fifteen of the letters did 
not mention the advertisement. They could not have been traced to this 
particular advertisement but for certain precautions that were taken by the 
advertiser—as a result of which it was absolutely certain that these fifteen 
inquirers had been impelled to write by reason of their reading the advertise 


ment in the June issue of INSTRUMENTS. 


Fifteen out of sixty-six. Nearly one-fourth. Does this mean that one- 
fourth of all our readers fail to do that which has becomeacustomary courtesy 
comparable to writing “Dear Sir’ and “Yours very truly’? 


Not so: Ten out of the fifteen are exceptional readers of INSTRU 
MENTS. They are instrument manufacturers themselves! Some of them 
make instruments exclusively; others as a sideline. 


Among the fifty-one readers who wrote “I saw your ad in INSTRU 
MENTS not one appears to be an instrument manufacturer. The pro 
portion of “general” prospective users of the advertised instrument who 
forgot to write this, therefore, is five out of fifty-six, or about one 
tenth. The proportion of instrument-making prospective users who did 
not write where they saw the advertisement is ten out of ten. 


This is probably a coincidence, but it is believed that readers will in the 
long run benefit themselves by always mentioning “where they saw it 
in sending inquiries or orders to companies whose products are advertised 


or described in INSTRUMENTS. 


The editor below quotes from the editorial in the June 1928 issue ¢ 


INSTRUMENTS: 


[ 


The editor takes this opportunity to again point out the 1 sity for readers ment 
INSTRUMENTS in their dealings with instrument companies Tu ses Came to the att 
of the editor within a week, in which orders for instruments had been placed with advertisers ir 
INSTRUMENTS but no mention was made on the order or otherwise that the information had 
been obtained through this journa Soon after, one of these advertisers cancelled his tract 
stating that he had not received the return from his advertising he expect 

It is sad that there must be a commercial side t 
companies also must continually keep the commer 
ing a labor of love, they cannot operate at a loss. A very cor 
vested by them each year in advertising and this inve 














result of their sales messages in that pub 

In approaching instrument companies for further inforn n on anything is n thi 
journal, kindly mention INSTRUMENTS. You will be performing a service to the manufacturer 
as weil as to INSTRUMENTS. 


Your cooperation in always mentioning the source of your information 
will be appreciated by the advertisers and publishers. 








Page 412 INSTRUMENTS August, 


IQ3I 


INSTRUMENTS EMPLOYMENT SERVICE 


No charge for insertion of notices, which should be addressed to Instruments Employment 
Service, 3619 Forbes Street, Pittsburgh, Pa., should be written tersely and must be received 


lying, put identification number on both envelope and letter. 


by the 25th of the month. In rep 
MEN AVAILABLE 


INSTRUMENT MAKER: 7 years experimental laboratory of electrical company. J-1. 

INSTRUMENT MAKER: 3% years experimental laboratory of lamp company; 2 years 
experimental laboratory of electrical company. J-2. 

PYROMETER MAN: Graduate Pennsylvania State College. Had charge of pyrometer 
calibration laboratory in plant with 1100 pyrometers. J-3 

METALLURGIST: 1% years University of Pennsylvania; 7 years night school Carnegie 

Institute of Technology. 2 years steel plant analyst; 744 years plant metallurgist in foun- 

dry. Can read German, Polish, Bohemian and Russian. J-4. 








METALLURGIST: Graduate University of Pittsburgh; 5 years steel plant metallurgist; 


6 years sales metallurgist; 3 years metallurgist automotive plant. J-5. 


ELECTRICAL ENGINEER: Graduate Charlottenburg Technische Hochschule; 8 years 


} 












research engineer with chemical company; 4 years steel plant electrical engineer; can 
read German, French, Spanish and Italian. J-6. 

METALLURGICAL ENGINEER: Graduate University of Cincinnati, M.S. Carnezie 
Institute of Technology; research metallurgist steel plant 4 years; development engineer 
instrument company 11% years. J-7. 

INSTRUMENT SALESMAN: Mechanical Engineering Graduate; experienced sales and 


service most type of power plant instruments. District Sales Manager 5 years. Ex- 
perience on gages, flow meter, CO, recorders, pyrometers and other testing equipment. J-8. 
PYROMETER MAN: 8 years experience; expert electrician and gage (hydraulic, pressure, 
vacuum, etc.) service man; 3 years instrument laboratory; education equivalent two years 


of engineering college. J-9 


INSTRUMENT ENGINEER: Graduate Engineering College. Charge of instrument 


I 


department in large industrial plant for 21 years. J-10. 
>—or 


INSTRUMENTS BOOK SHELF 


The books reviewed in this section can be supplied by the Instruments Publishing Company 








PROPERTIES AND MECHANICS OF MarteriAts. By P. G. Laurson & W. J. 
Cox. Wiley & Sons, New York, 1931. Cloth, 6 x 9 inches, 353 
pages. Price $3.50 


This is ane ntary tex ok for } tudents, and not a referer book. It refers 








idedly elementary. From the 
-aders other than sophomores will not 


zZ is Geci 





sical part of the book 
choosen for its purpose. In reference to building codes, etc., 
nent is up to date 


y-ways on shaftir *re is no hint that the stress due to the notch 
n local stress, corrosion, fatigue 
t all or dismissed with a word. 


mly.—H. W. Gillett 
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THE HANDBOOK OF INDUSTRIAL INSTRUMENTS 
CHAPTER XV 


Speed and Acceleration 
M. F. Béhar* 


section 
1 General Remarks, Classifications | 
2. Standards, Calibrations, Installat \ 

Pag 
3. Revolution and Stroke Counters 1] 
1 Combined Tachoscopes 11S 
5 Speed Indicators 120 
6 Chronometri« ichometers 1 
7 Centrifugal Weight Tachometers—F] 12S 
S i Ss 1 
9 Tilting 135 
10 Ball $37 
1] Centrifugal Fluid Tachometer I 189 
12. . { 141 
13 I 14 
14 = I 14 
15 Electric Tachometers 
16. Magnetic Drag Tachometers 
17. Viscous Drag Tachometers 
18. Positive Pump Tachometers 


19. Miscellaneous Tachometers—Inert 
0. Frequency Meters 


21. Vibration Tachoscopes 
22 Stroboscopes I 
23 Chronographs and Oscillographs 


24 Measurement of Differential Spe« 
5, Accelerometers 
26. Automatic Speed Control 


3. Counters 

Recent years have witnessed the development of many new types of in 
dustrial counters, all of which can be said to be related to speed in that they 
are used, or can be used, to measure rate of production, rate of flow, etc. 
However, since we are dealing here only with the measurement of the 
speed of machinery, this Section will be limited to revolution and stroke 
counters, special-purpose industrial counters being described in various 
other appropriate chapters. Stroke counters are modifications of revolution 
counters, so that only these latter need be illustrated and described in 


detail . 


(a) Absolute Accuracy Essential 

The “measurement” of number of revolutions or strokes should be 
generally can be an exact determination. There never need be any question 
as to the “degree of accuracy” of the measurement. In the first place, 1f 
a counter is not absolutely accurate when positively driven and when propet 
ly used at a reasonable rate, it is utterly unsuitable for speed measurement. 
Most manufacturers of counters recognize this and designate as “speed” 
counters or specifically as revolution counters those instruments which are 
suitable for speed measurement, and the catalogs generally specify a maxi 
mum speed beyond which absolute accuracy is not guaranteed. These 
counters are inherently “perfectly” accurate. Other counters on the 
market, however, while often of simi!ar outward appearance, are subject 
to errors—as can be proved by the fact that two or more of these cheap 


> ana 


— — 


‘Engi neering Editor 
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ccuracy 1n measuring r.p.m. with a counter is in 
timepiece. Good stop-watches are so inexpensive that nc 
I uid 
cause Of inaccuracy, even with a positively driven “perfect” 
counter and with a high-grade stop-watch. is the st iting and stopping error. 
[his error can in turn be split up into three components 1) lack of syn 
chronism in operating counter and stop-watch on starting: (2) ditto on 
st g; (3) the scale division i.e., the fact that the usual stop-watch 
can only be read toa fifth of a The obvious way to make the start 
ng and stopping error vanishin ll is to take re ed over long ope 
In addition, it is well for every operator not only to get used to the same 
counter and the same stop-watch but to follow always the same correct ot 
nearly cor procedure, because a certain amount of skill is required in 
using most h nd counters and in reading some continuous counters. 
End-thri not amiss to mention again that pressing the 
spindle of ument against the end of a rotating shaft may slow down 
light machinery. This error, however. is not x lely inherent in the counter 
nd timepiece method 
(b) Characteristics 
Counters make it possible to measure average speed with practically 
perfect accuracy, but only when positively driver — are reliable, 
simple in construction, trouble-free and compa lexpensive. Con 
tinuous or stationary models can be driven by y f > ts | vs consi 
length but this introduces an error of generally un known magnitude at 
eversal of rotation. EI ic remote drives are practicab 
tor stroke counters and for revolution counters. All yunters can be usec 
r slow speeds and some can be used for speeds to 10,000 r.p.m. 











patie. 
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curacy of registration is not affected by speed or by external conditions such 
as temperature, magnetic fields, vibrations, atmospheric humidity and dust 
etc. Counters cannot indicate ordinary speed fluctuations, cannot measure 
instantaneous speed and cannot measure speed except in connection with 
measurement of time period. Little skill is required but close attention is 
imperative. 
(c) Hand Counters 

There are two well-known forms of hand counters and each is a distinct 
type, having characteristics not possessed by the other. 


Geared Type—This is the familiar type in which a dial is rotated by a 
worm on the spindle. Fig. 512 shows the well-known “No. 107” of the 
L. J. Starrett Mfg. Co., which is a comparatively recent design with two 





dials.and other features such as a hard-rubber handle making it safe to use on 
electrical machinery. This instrument will register 5000 revolutions and 
repeat. The large dial is graduated into 100 lines, each one representing a 
revolution of the spindle. The small dial has 50 lines cut upon its face, each 
representing 100 revolutions of the spindle (or one complete turn of the 
large dial.) A spring finger trip attached to the case engages with one of 
the lines in the small dial and holds it from revolving until the large dial 
makes one complete turn, when the trip pin passing under the spring trip 
lifts it, and the dial is frictionally carried along by the large plate one line, 
thus showing that 100 revolutions of the spindle have been made. 


Among the various models of this type of revolution counter on the 
market are some in which the dials are friction-driven so that they may be 
set at zero before taking readings and held at zero (prevented from rotating 
while the spindle is rotating) until the second hand of an ordinary watch 
gets to the right position to take starting time. This feature is described 
as “an improvement” but it is that for rough work only, as it introduces an 
element of uncertainty not to be tolerated in engineering measurements. 


Why manufacturers persist in calling these instruments “Speed Indi 
cators in their catalogs is a mystery. Counters do not measure speed; 
and they are registering—not indicating-——instruments. 


Cyclometer Type—As hinted above, many models of this type are not 
suitable for speed measurement work, but there are numerous suitable 
models on the market. Fig. 513 shows, in its actual size, the “clutch” 
revolution counter made by Veeder-Root Incorporated. It is so designated 
because the spindle will rotate without driving the register until the counter 
is pressed against the end of the shaft: “The tip of the counter is placed 
lightly at exact center of the revolving shaft. The spindle will then turn 
freely, without engaging the recording mechanism. By slightly pressing 
the counter against the shaft, a clutch is engaged, which instantly starts the 
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recording mechanism. This is done when the second hand of the watch 
comes to any convenient point on the dial. At the end of the minute. . . 
the pressure on the counter is released; the clutch disengages; the counting 
stops instantly. The number recorded on the dial is the exact number of 
revolutions per minute . . . made by the part being timed.” 

The direct-reading feature of a cyclometer index is always a convenience, 
and the clutch feature reduces starting and stopping errors when no stop- 
watch is available, in that the operator's attention can be given to the second 
hand of an ordinary watch. On the other hand, in the non-reset models 
it is necessary to take two readings and subtract the lower from the higher 


to get the count—-which introduces the possibility of personal errors. 
| I 


Vines 
Rin ah 





(d) Continuous Counters 

Designed for permanent installation, these counters are generally built 
for industrial service and include large and rugged models of absolute 
reliability. Readings may be taken over time periods of any desired length, 
so that average speed may be measured with perfect accuracy. 

Continuous counters may be divided into those operated by oscillating 
levers and those operated by rotating shafts. The former are usually called 
stroke counters and the latter revolution counters but a lever connection 
may be used to count revolutions, and vice versa. We can forget this 
distinction and divide them into types corresponding to those of the hand 
ceunters, namely (1) direct-geared and (2) cyclometer, adding (3) flat 
ratchet, a type in which—to the author’s knowledge—hand counters are 
not made up. 

Direct-Geared—Counters of this type are only driven by rotation—not , 
by an oscillating member. They simply consist of a set of gears to which 
rotating dials (or rotating pointers traveling on fixed dials) are positively 
connected. Friction drives of dials or pointers should not be tolerated, 
since the convenience of quick and easy zero setting is seldom desired in 
most industrial installations, and since there are available set-back devices 
which do not affect positiveness of registration. The same remark applies 
of course to driction drives of the counters. 

Cyclometer—Counters of this type are characterized by the direct- 
reading cyclometer index which distinguishes them at a glance. Apart 
from a great variety of sizes and forms, there are important differences in the 
mechanical operation of various models, so that a further division would 
seem to be needed, into types of mechanisms. The most important of these 
types are named and described by Veeder-Root Inc., as follows: 
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A Revolution Counter adds one for each complete revolution of the shaft in one directior 
The Non-Reset Revolution Counter subtracts one for each ¢ mpl ete revolution of the shaft 
in the reverse direction. The Reset Revolution Counter generally subtracts when the shaft 
is turned reversely but this we do not guarantee. It is not recommended that the 
Reset Revolution Counter be operated at speeds exceeding 1,000 counts per minute. It is 


not recommended that the Reset Revolution Counter be « )perate dat spee Is exceeding 500 


t 


counts per minute, although for short periods it may be as high as 1,000 counts per minute 


A Star Revolution Counter adds one for each one-fifth of a revolution of the star wheel or 
when the star wheel is rotated a distance equal to the space between two of its points. It 
registers five for one complete revolution of the star wheel. When run backward, this cout 


ter will subtract 
A Direct Drive Counter adds one for each one-tenth revoltuion of the shaft in one directi 
(adding 10 for a complete revolution). The Non-Reset Direct Drive Counter subtracts on¢ 





for each one-tenth revolution of the shaft in the reverse direction (subtracting 10 for a com 

ple te revolution) The Reset Direct Drive Counter generally subtracts when on shaft is 
anit reversely but this we do not guarantee. It is not recommended that the Non-Reset 
Drive Counter be operated at speeds exceeding 800 counts per minute. It is not recom 
mended that the Reset Direct Drive Counter be operated at speeds exceeding 400 counts per 


minute, although for short periods it may be run somewhat faster than this 


A Rotary Ratchet Counter adds 10 for e ach complete revolution or one for one-tenth 


revolution of the shaft in one direction. It adds one for each oscillation of the shaft through 
an angle of from 40 to 60 degrees. When the shaft is turned backward, or oscillated through 
an angle of less than 36 degrees, the figures remain stationary. It is not recommended that 


the Non-Reset Rotary Ratchet Counter be operated at speeds exceeding 300 counts pet 
minute, although for short periods it may be run somewhat higher than this. It is not recom 
mended that the Reset Rotary Ratchet Counter be operated at speeds exceeding 150 counts 
per minute, although for short periods it may be run as high as 300 counts per minute 

A Ratchet Counter with Stops has the movement of the shaft limited to 45 legrees. It adds 
one for each oscillation of the shaft through an angle of from 40 to 45 degrees. When the 
shaft is ocillated through an angle of less than 36 degrees, the figures remain stationary 

The foregoing detailed (and frank) statements set forth the diferent 
general characteristics of the various subtypes of continuous cyclometer 
counters. They do not apply to all such instrument, as a careful examin 
tion of the catalogs of several different manufacturers discloses a few ex 
ceptions. Asa rule, though, the “revolution counter non-reset”’ or locked 
wheel sub-type of continuous cyclometer counter is seen to be preferable 
for higher speeds; and the set-back feature is seen to be undesirable in 
cyclometer counters to be installed where direction is reversed. 

Since direction is not reversed in the majority of industrial installations, 
set-back cyclometer counters are frequently specified. Fig. 514 (The Bristol 
Co.) shows a typical industrial counter of the continuous cyclometer type, 
revolution counter subtype with set-back feature. The black enameled 
all-metal case enclosing the working parts is “absolutely dust- and moisture 
proof.” 
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circuit and stops the hand. Pressing the stem of the w itch hol 
mechanically so that the circuit may be opened. 

Fig. 516 (Gaertner Scientific Corp.) shows a recently brought out tacho 
scope called the “Probator™ which combines with a stop-watch a cyclometet 
type of counter that works in both directions and 1s said to be suitable for 
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Fig. 516 


speeds up to 6000 r.p.m. As the legends in Fig. 516 indicate, the counter 
and watch start simultaneously when the spindle 1s pressed and stop simul 
taneously when pressure is released. 

Fig. 517 shows the form of tachoscope which is pt 
spread, being made in several models closely resembling one another. The 
particular tachoscope illustrated 
(Herman H. Stitcht & Co.) is said to 
be suitable for speeds up to 30,000 
r.p.m. Tachoscopes of this form may 
be pressed against the end of a revolv 
ing shaft and their spindles will idle 
until a button or trigger (X in the ill 
ustration) is pressed forward by the 
thumb, when counter and watch start 
simultaneously, stopping simultane 
ously when this same trigger is pressed 
a second time. The readings remain 
on counter and watch until they are 
set back to zero by pressing small 
levers provided for that purpose. The 
counter has three pointers: The large 
pointer travels over a scale graduated 
0-100 revolutions in intervals of one 
revolution. The small pointer at the 
right travels over a scale graduated 
0-1000 revolutions in intervals of 100 
revolutions. The small pointer at the 
left travels over a scale graduated 
0-10,000 revolutions in intervals of 
1000 revolutions. 

In a letter dated June 12, 1931, Mr. H. H. Sticht writes: “The Tachoscope 
for speed measurements in the large trans-oceanic radio stations that have 
1200-pole generators. Since the variation between wave lengths for 
small, it is necessary to have the frequency, which means the generatoz’s speed, as accurate as 
itis humanly possible. In these stations it is the practice to use the tachoscope daily. Read 
ings are taken for a period of 20 minutes or 1200 seconds. With the starting and stoppi 
error of the stop watch of the order of 0.1 second this means that they are measuring the spee 
with an accuracy of one part in 12,000 or approximately one-hundredth of one 
method is, of course, made possible by the very fine system of speed control that assures at 
absolute constant speed during the 20 minutes.” 


ybably the most wide 




















Pag INSTRUMENTS August, 


? 


5. “Speed Indicators’ 





If a combined tachoscope, say of the type shown in Fig. 517, were pr 
vit t tic timer whereby eacl ling ld 
exact e te, the stop-watcl X t 
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the automatic ti g were f x-seconc , the counter reading 
Ww t tiplie 10 to give r.p r the counter dial could 
s sO sc that the reading would be ten times the number 
tions effecting ent of the pointer during the six seconds 
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501). The “Hasler” instrument (Hasler-Tel Co., U. S. agents, Société 
Anonyme Hasler, Switzerland) is described as follows 

The mechanism, shown in Figs. 518 and 519, is a combination of two 
units: (1) A revolution counter made up of a spindle driving a measuring 
wheel through bevel gears and an indicating hand traveling on a dial; (2) 
A chronometric movement, balance wheel, escapement, etc 

The synchronization of these two units is done by means of a cam 
mounted on the escapement wheel and a ratchet. When the spindle is 
revolved, the ratchet, controlled by the chronometric movement, frees the 
measuring wheel for a definite period of time. The motion of the measuring 
wheel is proportional to the speed of the spindle. At the end of the timing 
period, the ratchet locks the measuring wheel with the result that its travel 
per unit of time is: (Number of teeth)/(Timing period), and the indicating 
hand mounted on the measuring wheel translates this result directly into 
the quotient: Speed. AS 

The mechanism as actu ; pet 
ally constructed is made up 
of the two units described 
above. These units are 
synchronized and so com 
bined as to form the com 
plete mechanism. Due to 
this synchronization the 
operation of the instrument 
is entirely automatic. The 
chronometric movement 
has the regular balance 
wheel B, antimagnetic spiral Indicating hand 


/ 


spring E and escapement F. ae: 
Thismovement operates in- a 
termittently by means of “SS 
button B. When the but- 
ton is pressed, it winds the 
main spring; when the button is released, the spring unwinds, furnishing 
the necessary power to the balance wheel. The movement operates during 
5 seconds only and in three periods as follows 

1st Period—One second to obtain regularity of oscillation. 

2nd Period—Exactly three seconds to secure the measurement. 

3rd Period —One second to allow the balance wheel to stop. 

The timing adjustment is said to be made —_— 1/1000 of a second. 

Precisely at the beginning of the 2nd second, a cam G, er on the 

escapement, lifts the ratchet H, releasing the registering wheel J of the 
counter, and permits the hands to move until the end of the 4th second, at 
which precise time the cam places the ratchet in a locking position on the 
registering wheel. 

The geared revolution counter is an assembly of a spindle A, a set of 
finely cut bevels L, and a series of spur gears, a system of gears to automatic: 
ally reverse the anticlockwise rotation of spindle, a registering wheel J 
bearing the large hand, a gear set M of the small hand and a resetting sys- 
tem to zero K, operated by the button C. The registering wheel is the 
part of the counter on which the accuracy depends. It is a 200-tooth wheel, 
of 27/32” diameter, which is released or locked by the timing ratchet. The 
complete mechanism is contained in an aluminum case. 
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‘ 
Operat ? > instrument is heid in the palm of the hand, 
ught in contact with the shaft, parallel to its axis, and held in 
yentle pressur The spindle of the instrument starts to rotate 
il nost nmed itely, the speed of the machi sh ft, Dut this S 
freely without operating the registering mechanism, until the 
pressed and released, starts the chronomett ic movement 
fter the button B 1s released , the timing ratchet unlocks the 
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of the Hasler instrument is 











Characteristics—The above description 
generally applicable to all other speed indicators, except that in some other 

“triimontec } — . 1 ¢ ] - L * . of © fw 
instruments the measuring period is six seconds and the time required for 
each test is ten seconds. Speed indicators are d ly growing in popu 
larity They are almost “vest pocket instrume The error is usually 
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well within 1% and by “adding the speeds” of several readings as described 
above. the accuracy of measurement of average speed is increased. The 
scale is uniform, but in spite of the fact that starting and stopping error and 
scale error are very small, speed indicators should preferably be used in the 
upper part of their scale ranges. This 1s a distinct limitation. However, 
since these instruments are comparatively inexpensive, many users order 
them in sets of two: one instrument with a dial reading up to, say, 1000 
r.p.m. and 300 F.p.m., and the other with a dial reading up to 10,000 r.p.m. 
or 3000 F.p.m. Speed indicators require no more care than a fine watch 
and can be relied upon to stay accurate satisfactorily long, but when they 
get out of order they must be returned to the manufacturer. Driving 
torque being negligible, they can be used on light machinery without feat 
of slowing it except for possible end-thrust effect. Finally, speed indicators 
can be used as Plant Standards for checking other instruments at speeds in 
the upper part of the scale, but not for calibrating at all speeds. 


Sections 6 to 19. TACHOMETERS 


6. Chronometric Tachometers 


In this class the counter and timepiece method of measuring speed is 
brought to its culmination. The tachoscope (Section 4) simply assembles 
two instruments and provides a synchronizing connection. The speed 
indicator (Section 5) combines the two, does away with the timepiece dial, 
and becomes one compact instrument but it requires manual operation, 
providing as it does only one reading each time it is operated. The chron 
metric tachometer employs a principle similar to that of the speed indicator 
(counting revolutions during a time period) but differs in the important 
respect that it repeats automatically, so that, for instance, the pointer of an 
indicating instrument does not return to zero but remains in place while the 
measured speed is constant, periodically moving to a new position on the 
scale whenever the average speed changes between successive cycles of 
automatic measuring operation. Chronometric tachometers can therefore 
be made up for industrial applications into stationary indicating and re 
cording models that resemble other “typical industrial” instruments; also 
into small light “hand” models and into speedometers for autc motive, 
aeronautical and nautical purposes. 


Chronometric tachometers the construction of which follows closely 
that of the speed indicators may be called integrating; those which suc 
cessively conjugate actuated members with rotating members may be called 
conjugating. This is a minor distinction: there are other constructions 
based on the chronometric principle. In every case the number of revolu 
tions made by the primary shaft is “counted” during a definite period. 

One of the oldest chronometric tachometers is the Van Sicklen integrat 
ing instrument, shown diagramatically in Fig. 52i and described by Dieder 
ichs & Andrae substantially as follows 

The essential units are the driving mechanism, the power-plant, com 
monly a clock spring wound through a friction mechanism by the driving 
mechanism, a set of synchronizing cams, a watch mechanism, and an indi 
cator or counter mechanism. Drive shaft A, through B and C, winds the 
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spring in the barrel D, which drives the escapement wheel F’. One end of 
this spring is loose, so that slipping starts when the tension has reached a 


n value, and by this means the driving force is kept always constant. 
The barrel shaft E carries the watch mechanism FF’ and the set of synchron 
izing cams G with follower H and the pawls I and J. Gears K, L, and M 


| 1 
constitute the counter mechanism. 
he action is as follows he watch mechanism allows the cam shaft E 
to make 35 of a revolution every 14 second. The inner cam through the 


i 
** T 1 * 5 | 
follower H allows the gear K to mesh with gear L for exactly one second. 





The angular displacement of L during the second of time is therefore a 
measure of the speed of rotation of the drive shaft. Gear L is loose on the 
pointer spindle, but engages gear M and the pointer through a spring arm 
and carries them through the same angular displacement. At the end of the 
second, when K disengages L, the latter gear 1s allowed to return to zero by 
action of pawl I and the middle cam. In the meantime the outer cam and 
pawl J lock in position the pointer wheel M. When this series of actions is 
next repeated, there will be no motion of the pointer if there has been no 
change in the speed; but if a change has occurred, the pointer wheel will 
either be carried around farther for an increase or it will be allowed to drop 
back, if there has been a decrease. Thus the pointer at any time indicates 
the speed for the previous second as long as the drive shaft is engaged. 

The Hasler “Tel” tachometer (R. W. Cramer & Co.) is of the chrono- 
metric conjugating type. The construction of the indicating model for air- 
craft, etc. is shown schematically in Fig. 522. Three timing sectors M:, Ma, 
Ms, envelop a spline shaft W, along which they are free to slide in grooves. 
The sectors are toothed externally. The gear A at the lower end of the 
spline shaft is actuated by a chronometric escapement which rotates it 


through 120 degrees every second. A collar R which encircles the spline 
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shaft is always resting on that sector which has been raised the highest 
By means of a toothed rack attached to R, the movement of this collar is 
transmitted to the pointer Z. 

The raising of the sectors is effected by the measuring pinion O, which 
turns at a rate proportional to the speed. The more rapidly turns the 
measuring pinion O, the higher rises the sector then in engagement with the 
pinion during a time period of exactly one second. The rotation of the 
spline shaft brings a fresh sector every second into engagement with the 
pinion QO; i.e., every second a new measuring period begins. By means of a 

















detention roller P the raised sector is held in its elevated position, thereby 
| 
holding the pointer steady during the second second. During the third 
db I / 34 


second, the released sector has sufhcient time to return to its position of rest 
in order to begin afresh its operation at the beginning of the fourth second. 
All three sectors perform this cycle of operations with a successive phase 
difference of one second. The pointer is thus set anew every second to the 
mean speed of the last preceding second. 

The same conjugating principle is employed in the construction of other 
“Tel” chronometric instruments. Fig. 523 shows a combination automotive 
speedometer (with chart cover removed). 

Owing to the principle and to construction features not shown in Fig. 
522, the accuracy is said to be unaffected by “altitude, momentum, inertia, 
shocks, gravity, magnetism or sudden changes in temperature. These 
instruments are not unknown in the U. S., being widely used, but their 
principle (now set forth above) has been relatively unknown here. 
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Counter geared positively to Spindle “‘A" follows motion of distant 
spindle ‘‘A”’ records total revolu- machine. Power of device is independent 
tions or production of speed. 


Electric Clutch 
operates at set 
time intervals. 
When = clutch 
operates, rack 
-t- “and point re- 
turn to zero; 
chart advances 
at same time 
starting new 
cycle and new 
line on chart. 


Rack geared to 
spindle ‘“‘A" 
moves across 
chart of pro- D 
portional 
speed. 





Steel point at- 
tached to rack 
marks waxe 
coated chart as 
it moves across. 








An interesting and characteristically industrial speed recording integrat 
ing instrument is that of the Electric Tachometer Corporation. It is the only 
chronometric recording tachometer made in the U. S. and probably is the 
only long-distance chronometric recording tachometer made anywhere. 
The equipment comprises (1) a contactor driven by the machine whose 
speed is to be recorded, (2) a contact-clock which may be located anywhere, 
(3) a recorder, such as that shown in Fig. 524, which too may be located 
where most convenient, (4) a cyclometer counter built into the recording 
instrument. The following is the substance of the maker’s description : 

The Master Clock may be located at any distance from the recorder, al- 
lowing installation where least liable to mechanical injury and where most 
convenient for winding. The clock is a high grade jeweled marine move 
ment. It is relieved of the continuous strain of moving the chart. Any 
number of recorders may be operated from the same clock, insuring uniform 
accuracy and synchronous records. 

Operation: A three-point contactor is driven from a revolving shaft 
by means of gears or pulleys and belt. The speed ratio is so arranged that 
the contactor runs at 200 r.p.m. for full scale reading on the chart. The 
contactor is connected to the recording instrument by means of a four-con 
ductor cable. 
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The recording instrument, which can be installed at any convenient loca 


tion, is connected to a source of direct current, usually 110 volts. It is also 
connected by means of a two-conductor cable to the contactclock. Re 
sistors are furnished to provide for any voltage of direct current. Fluctua 
tions of 15% plus or minus in the voltage have no effect on the accuracy of 


the record. 
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Fig. 525 


As the contactor is rotated by the drive shaft, a step-by-step motor in 
the recorder follows this motion at a proportional speed. This motor 1s 
geared to a rack through a tumbler gear. The recorder pen is attached to 
this rack. As the motor revolves, the rack and pen are moved across the 
scale. At the end of 27 seconds, the gear is disengaged, allowing the rack 
and pen to come back to zero. They remain at zero for three seconds, 
while the chart is advanced. This cycle of operation is repeated every 
thirty seconds. 

The above operation produces on the chart a series of parallel lines spaced 
at about 1/60 of an inch apart. The ends of these lines form a continuous 
curve, recording the speed of the drive shaft. This curve is necessarily as 
accurate as the time-keeping qualities of the clock. 

Recorders having an operating cycle of fifteen, twenty or sixty seconds can 
be furnished. 


. . Recorder R-100 has been designed especially for installation in mills, power 
plants, etc., where conditions are not always favorable All parts of the recorder run at 
a very low speed. This feature eliminates the use of speed-up gears The accuracy de 


pends only on the time-keeping qualities of the clock. One half of one per cent is the normal 
error. The accuracy is not affected by temperature, resistance, vibration or wear of parts 


The chart feed is fast enough to note stops and fluctuations The record is visible for 4’ 
of its length . . . The record, because of its peculiar nature, can be plainly seen from a con- 
siderable distance . . . The complete recorder movement can be taken out of the case by the 
removal of only two screws. The mechanism may be held in the examiner's hand while 
running .. . The integrating counter for reading total production is a feature not found in 
any other recorder. It is useful for checking the accuracy of the record and for counting pro 
duction during a given time pericd . . . The counter can be arranged to show total yards of 


product, miles traveled, gallons pumped, etc., as well as total revolutions.’ 

Fig. 525 shows a portion of a chart from a “Tetco” recorder, being a 
record of the speed of a steam train, showing station stops and speed 
changes. The length of each horizontal line is proportional to the number of 
miles traveled during the preceding time interval. The ends of the lines 
form a speed curve which is read directly in miles per hour. 
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Characteristics—All chronometric tachometers have a uniform scale, 
determined by the ratios and dimensions of mechanical members. The 
limit of error of high grade commercial instruments is within 1% of one 
percent of the scale range. The accuracy, as in speed indicators, depends 
upon the fineness of the teeth on some of the gears, because tooth width at 
some point determines the instant of engagement. The accuracy is seldom 
affected by external factors. The wear of parts does not affect accuracy 
until it becomes serious. Instantaneous speed cannot be measured, but 
fluctuations of durations decidedly longer than the cycle period of any 
particular instrument can be observed. Requisite driving torque is negli 
gible. A wide range of speeds can be measured by any one instrument. 


Sections 7 to 14--CENTRIFUGAL TACHOMETERS 
(7-10—Centrifugal Weight) 


7. Fly-ball 

This class of tachometers utilizes the flyball governor principle, which 
does not need to be explained to the readers of this book. It is divided into 
two types: the gravity-loaded and the spring-loaded 

The gravity type employs a positive method of measurement. Instru- 
ments of this type are primary standards in theory: in practice they have 
to be calibrated by test against standards. The scale formula can be com- 
puted in designing any particular instrument, from its geometrical proper- 
ties, etc., but usually this is only done to determine its range. The scale 
obtained directly from the elevation of the sliding collar is not uniform. 
A uniform scale requires suitable linkage and gears between the sliding 
collar and the pointer pinion, and uniformity is seldom attained over the full 





range from zero speed to practical maximum. (The theoretical maximum is 
infinite speed, with ball rods at right angle to the main spindle, but it is of 
no practical interest.) Calibration over the useful range is permanent but 
is seriously affected in practice by the position of the instrument and 
slightly affected by lubrication, temperature and wear. Permanence of 
calibration over the useful range is perhaps the outstanding characteristic of 
this type, resulting in reliability. Instruments of this type have been in 
continuous service for twenty years and more. Fig. 526 shows a model 
made with few changes in the last sixty years by the N. P. Bowsher Co. 
The spring-loaded type of the true fly-ball class (with vertical main spin- 
dle) is neither primary nor positive, but actual tachometers of this type can 
be made to respond much more rapidly and sensitively to brief variations in 





August, 1931 INSTRUMENTS Page 42 









% instantaneous speed. A good analogy is the field of pressure-measuring 
instruments, where dead-weight gages, etc. are primary and Bourdon gages 
secondary. Accuracy depends not only on position but on the properties 
of the particular spring employed, as well as on temperature, lubrication, 
etc. 

Whether gravity loaded or spring-loaded, a flyball tachometer, as actually 

P built, cannot be relied upon to measure accurately either “low” speeds 
(with the weights hanging close to the shaft, nearly verticaily) or “high” 

td 

Nokes - ROOT: 
Fig 
° 


speeds (with both weights close to the upper limit of their travel). The 
reason is that when the first condition prevails the available force can hardly 
overcome friction, and the mechanism “‘sticks,’’ while at high speeds the 
available motion resulting from changes in speed is vanishingly small. In 
practice, therefore, fly-ball tachometers are so designed as to take the fullest 
available advantage of force and motion between these extremes, when the 

» arms are at between 20° and 50° to the vertical shaft. Hence the actual 
useful scale range is narrow, but in this mid-portion the accuracy and 
sensitivity are usually excellent. Scales usually start at 25 percent of the 
maximum. Zero cannot be checked. For permanent installation on fairly 
constant-speed applications, fly-ball tachometers are eminently suitable. 
Inertia effects preclude their use where there are sudden fluctuations, except 
when a belt drive is used to deaden these fluctuations. 

‘ Figs. 527 and 528 show two Corbin tachometers (Veeder-Root, Inc.) of 
a modified spring-loaded fly-ball type which is not, however, the cross 
pendulum class described in the next section. Fig 527 shows a special 
industrial form indicating in yards per minute the material passing through 
amachine. Fig. 528 shows the “Corbin patented counterbalanced weights.” 
This mechanism is said to be so lubricated at the factory as to require no 


attention. 
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Horizontal Shaft Form, Remote Reading——An aircraft engine tachometer 
recently developed in Germany by the Askania Werke (American Askania 
Corporation, agents) seems to belong in this Section. Fig. 529 shows 
possibilities of connecting various indicating and recording instruments to 
the fly-ball transmitter, which possibilities obviously have a wider field 
than aviation. The principle of the transmitter is shown schematically in 
Fig. 530 and is explained as follows: 

‘The working principle underlying our distant-reading is clear from the illustration 
An air pressure pipe (we use a small air pump) sends a stream of air through a throttle into a 
small cylinder, in which is a small easily movable piston. At a certain height there are slits in 














j 


~—— 











the walls of the cylinder. The air pressure in the cylinder is measured by a pressure gage 
Any force exerted on the piston causes it to descend and close up the annular slits. The air 
flowing into the cylinder from the air-pressure pipe through the throttle increases the internal 
pressure, until the product of this pressure by the piston surface is greater than the power P 
The piston is consequently pushed out of the cylinder far enough to uncover the lower edge 
of the annular slit apertures. This allows the air to escape, and the pressure inside the cylin- 
der continues to decrease until a state of equilibrium has been established between the force 
behind the piston and the internal pressure. As soon as the one or the other gains ascendancy, 
the piston and the internal pressure must come about automatically. The pressure bearing 
upon the piston can be read anywhere by means of a dial gage measuring the internal pressure 
It the force behind the piston is obtained by the centrifugal action of a governor, the internal 
pressure will be a direct function of the centr ifugal force and therefore of the number of revo- 
lutions per minute.” 

The characteristics are not stated. They probably are those of the cen 
trifugal-weight principle, with complications. The reasons for adopting a 
pneumatic remote-reading system are interesting, as the discussion bears on 
the general subject of remote-reading speed-measuring instruments regard 
less of class or type. These reasons are stated as follows: 

“The need for a good distant-reading tachometer has been felt for many years on account 
of the ever increasing number of large ‘planes with their decentralized engine equipment . . . 
Even big firms are still in some cases using short-distance tachometers with flexible shafts 
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several meters in length for the lateral engines; an arrans 
trouble We have been investigating We have found that (a) electrical 


is too sensitive and cannot be rendered entirely independent of fluctuations in 





nsmissi 





erature; 


subject to variations in the 


(b) hydraulic transmission suffers from the drawback of 
static pressure, beside the difhculty of making connections that are abs lutely watertight 





“To make pipes and connections absolutely airtight and watertight is wellnigh impossible 
If such a task is attempted, the pipes must be connected up permanently with the transmitter 
and receiver, with no possibility of separating them again afterwards. This makes it very 
dificult both to lay the connections and to execute any subsequent repairs We soon 


realized that a condition precedent to the designing of a thoro 









ighly serviceable distant-reading 
tachometer was a connection capable of being laid with ease and broken whenever require | 
.. Slight leakage in the connections must not interfere with the accuracy of the readings 
the system must be unaffected by temperature changes, whilst remaining simple 
and easy to fit 


le in desigt 





“Our new type of pneumatic distant-reading tachor 
The transmitter is so small and so light that it can usually be connected direct to the poit 





Compensating apertures 
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Measuring Throttle 
piston 


where the piping ends. It is unaffected by changes in temperature. The transmitting pipe 


is made of thin aluminum and can be broken in as many places as desired. One or more minor 
leaks in the various connections will not affect the accuracy of the readings in any way. The 


indicator consists of a simple and strongly-built pressure gage of the type that has been 
familiar for years past 

“This offers the further advantage that it can have any number of indicators connected t 
it without re-calibration ub 


The “Askania Automatic Recording Tachometer” is itself rather novel 
in principle. It is described as follows 

“The construction of this instrument is very simple. In front of a speedometer, the num 
bers of which are fixed like the type of a typewriter, is a ribbon and 
recording paper. At certain intervals, which can be ad 
controlled by a contact clock hits against the speed 
paper the figure appearing at that particular moment. In order to 
printing of the quick moving unit column, the speedometer is st 
the moment the figure is printed, catching up for the loss afterwards v 
drawn taut. During the return of the hammer the paper and ribbon are moved forward 
This action is regularly repeated so that the recording paper will be covered with a series of 
numbers, the difference between which represents the revolution for the set time interval 
For the marking of special interesting time measures, an additional time signal can be given 
by means of a special contact device. If the revolutions of several motors are to be recorded 
at the same time one contact clock controls all instruments, thus obtaining absolute synchro- 
nism, which has heretofore been imposible with other tachometers.” 





behind the ribbon the 


at random, a magnet hammer 


\us printing on the recording 





void blurring of the 
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The last sentence apparently refers to a feature brought out years ago in 
America by the Electric Tachometer Corporation and described above in 
Section 6. 
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8. Cross-pendulum 

This class comprises ingenious modern modifications of the original fly 
ball instruments. It includes several makes and numerous industrial models, 
both hand and stationary, both indicating and recording. 

One basic idea of the cross-pendulum principle is to attain complete 
independence of position together with minimization of vibration. The 
design, in its simplest form, comprises four weights, located at the ends of 
two rigid arms whose centers are pivoted. The weights being equal and 
the proportions symmetrical, the two gravity effects are mutually compen- 
sating and the two arms will assume, at rest, any relative inclination what- 
ever, from both vertical to both horizontal. This is the “static” compensa- 
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tion, and it would be effective with only one arm weighted at both ends and 
pivoted at the middle. The reason for two arms appears when we consider 
the dynamic behavior of the masses: The whole X arrangement turns with 
the main spindle and each arm tends to position itself at right angle to the 
spindle as soon as rotation starts, being restrained by the measuring spring. 
With only one arm weighted at its ends, we would get conditions of dyna- 
mic unbalance (somewhat like those of an unbalanced crankshaft) but with 
two arms the bending and vibration tendencies of each arm compensate 
those of the other, and the instrument runs smoothly. 


Other Characteristics—As in the case of the fly-ball class, and for similar 
obvious reasons, zero is suppressed on the scales, which generally start at 
25 percent of maximum reading. The accuracy depends on the make and 
the limit of error is usually well within one percent of full-scale value. 
Error being constant throughout, each instrument should preferably be 
used in the upper part of the scale. This is practicable with most hand 
instruments on the market, by reason of the quadruple, quintruple and 
even sextuple range gear shifts built into them, the ranges overlapping one 
another. High-grade instruments have individually graduated dials. Per- 
manency of calibration of most commercial models is not seriously affected 
by wear, as they are adequately provided with hairsprings to take up back- 
lash. Dynamic balance is excellent in most commercial forms, and the best 
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automotive and aircraft models are also balanced statically to prevent errors 
due to linear acceleration and deceleration. Even in the small models, the 
masses are large enough to preclude the measurement of sharply fluctuating 
speeds when the drive is metal-to-metal positive, but in this respect most 
cross-pendulum tachometers are better than fly-ball or tilting-ring tacho 
meters. The temperature coefhcient is usually slight. Proper lubrication 1s 
necessary. Lack of it ruins most older designs and constructions. Some of 
the newer instruments employ modern alloys, Bakelite and other materials, 
improved bearings, and other refinements. Response of pointer to small 
changes in speed is so nearly perfect that damping arrangements are pur 
posely built into the high-grade sensitive instruments. This does not 
lessen accuracy and augments ease of reading. 




















A recently developed cross-pendulum instrument is the “O-Z Improved 
Tachometer” (O. Zernickow Co.). Fig. 531 (about two-thirds actual size) 
shows the construction in detail and deserves some study. It will be noted 
that the indicating element is actuated by the cross-pendulum with links 
operating the sliding plunger on opposite sides, which eliminates side 
friction. This instrument is said to be perfectly balanced statically and 
dynamically. It may be used in any position without possibility of variance 
of indications. It weighs 12 ounces. The rotating gear shift is an interest 
ing feature, characterized by complete dust-proofing and by a wide travel 
from one range to the next. “The shifting is done ina . . . simple manner, 
by turning the tachometer barrel with the thumb and index finger of the 
hand holding the instrument, until the desired range is in line with the dial 
center and a spring lock is felt to engage inside.” With the quintuple 
range gear shift, the scale values for the high range are exactly ten times 
those for the low range, with wide overlaps. The stationary form of this 
instrument has a six-inch dial. A modification of the hand form illustrated 
in Fig. 532 is supplied with a handle, with a disk attachment for the spindle; 
the dial is graduated somewhat differently, and this instrument is known 
as the ““O-Z Cutmeter.” 


Another recent improvement in gear shifts features the new Foxboro 
“Multi Range Precision Hand Tachometer.” The details of this instru 
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ment are not available at this time (August 1931), but reference to a plural 
ity of “masses” and to “the pendulum” in the preliminary description just 
released would indicate that it belongs in this Section. The gear shift 
provides no less than six ranges, with wide overlaps. Its small size is ap 
parent from Fig. 533 and its gear mechanism is shown in Fig. 534. The 


description by the Foxboro Company is substantially as follows 


1 


A newly patented arrangement of the gearing in this instrument makes it available 
for use on practically any speed range. This enhances its usefulness since the same instru- 
ment can be used on every application throughout the plant It reads directly in r.p.m. 

r feet per minute. Before pressing the tachometer spindle to the shaft it is necessary to see 
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I 534 
that the sliding indicator is set at the maximum range, i.e., 7,500 - 30,000 r.p.m. This is ex- 
tremely important as it prevents the instrument from being overranged. If the tachometer 
shows no reading on this range, it is necessary to merely press the setting button and slide 





the spindle into the next lower range. If no reading is obtained on this range, the operation is 
| the correct range has been reached. This entire operation can be performed 


continued until the c« 
with one hand, the thumb being used to press the setting button 
“Although the tachometer can be used in any position, extreme accuracy is secured when 
t is held horizontal. A spirit level is attached to each instrument to facilitate its leveling 
The precision of this instrument is not affected by variations of temperature or position, or 


Dy magnetism 
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“The arrangement of the gearing for the enlargement of the pendulum range is new 
fully protected by patents The gears for the Six ranges are housed IN a Space sMaller than 
the present housing on the rour-range instruments 

‘All Tachometers are provided with a damping device to obviate pointer flutter caused | 
slight deviations in speed. This assures a steady pointer but does not interfere with its a 
curacy.” 


The “Jagabi” Hand Tachograph (James G. Biddle Co.) is an interesting 
instrument of the cross-pendulum class—apparently the only speed recordet 
of such light weight that it can if necessary be held throughout a test lasting 
several minutes without tiring the operator. Fig. 535 shows all salient fea 
tures. It embodies a cross-pendulum indicating hand tachometer which ts 
slightly modified in order to actuate the pen of the strip-chart recorder. The 
tachometer has a quadruple gear shift which ts regularly supplied in ranges 
up to 4000 or up to 8000 r.p.m. The recorder has a fountain pen and moves 


the chart optionally at '4-inch or '2-1nch per second. This instrument ts 
properly termed a tachograph because it continuously records instantaneous 
speed, including transient fluctuations. The chart range depends on the 


setting of the gear shift and its scale starts at 25 percent of full value 


9. Tilting-ring 

This class comprises, in addition to the true ring pendulum type, all 
other instruments with a single crossbar weighted at its end and pivoted 
at its center about an axis transverse to the main spindle. A cross-pendulum 
tachometer as described in Section 8 but with two weights instead of four 
would belong here. 

The industrial tilting-ring instrument was brought out by the Schaeffer 
and Budenberg Co. (merged in 1928 into the Consolidated Ashcroft Han 
cock Co.) A typical mechanism is shown in Fig. 536. | The ring or govert 
or is a heavy disk with a cross‘shaped opening machined out of it. A 
spring holds this ring obliquely when at rest, opposes its tendency to place 
itself at right angle to the spindle when the spindle rotates, and is thus used 
to measure the speed. 

Characteristics —The principle of measurement is inferential. Accuracy 
depends on properties of springs and varies widely in commercial models, 
small cheap instruments showing errors of several percent of maximum 
reading while many stationary tachometers for industrial plant service have 
a limit of error within two percent. High grade instruments must be 
individually calibrated. The scale is not quite uniform. Zero ts sup 
pressed. Scale ranges of ring instruments can be longer than those of the 
fly-ball and cross-pendulum classes but seldom start at less than ten 
percent of maximum reading. This class 1s well represented in stationary 
tachometers, both indicating and recording, that are giving excellent service 
Response to decided fluctuations is rapid, but sluggishness (in fact actua 
sticking”) often prevents quick and sensitive response to small fluctuations 
Good instruments have provisions for taking up back-lash due to wear 
Wear is rapid in most instruments unless they are kept well lubricated. 
Inertia is comparatively great and its effects require that the great majority 
of stationary instruments be belt-driven. Most instruments are not bal 
anced dynamically for all speeds, and are preferably used on steady speed 
applications. There are few hand tachometers of this class and some. of 
them are not high-grade. The effects of temperature are often considerable 
Most actual models must be used in one position. 
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Fig. 537 shows a stationary tachometer shortly to be brought out by the 
Consolidated Ashcroft-Hancock Co. (one of whose divisions brought out 
the first industrial tilting-ring tachometer). Its appearance is quite similar 
to that of the present models except for the absence of the familiar oil cup. 
This omission implies the end of dependence on lubrication which was hereto- 
fore inevitable with tilting-ring tachometers. The implication is correct: 














VIEW AA 


although the details of this instrument are not available at this time (August 
1931) the maker's engineering department has furnished a brief statement, 
the following extracts from which are pertinent: 


“The new design . . . was developed with the following objects in mind. 
(1) Practically uniform scale graduation; (2) Reduction of wearing parts 
to a minimum; (3) Elimination of bearings requiring lubrication . . . The 


tachometer has a ball bearing spindle with grease pack ball bearings, which 
will run indefinitely without attention. There are no other bearings re- 
quiring lubrication ... The sliding shaft is made of nitralloy; the fixed 
bearing at its end is a ball bearing of unique construction permitting both 
circumferential and axial motion. The motion of the sliding shaft is trans- 
mitted through a bakelite collar to a special ball bearing on the end of a 
spring arm fastened to the sector of a conventional gear and pinion move- 
ment. The spring arm being flexible prevents transmission of any shocks 
or sudden acceleration from the centrifugal pendulum system to the indicat- 
ing device and reduces strain and wear on all parts. . . . The flexible arm 
also serves to dampen out small speed oscillations . . . 
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Fig. 538 shows sectional views of a recording tachometer recently brought 
out by the Amthor Testing Instrument Co., in which several features are 
apparent. In order to reduce to a minimum the friction of the recording 
pen on the paper charts, the pen is a reservoir with a capillary tube which 
barely touches the paper without pressure. The main spindle runs in ball 
bearings and the sliding piece is connected to the pen mechanism by a ball 
joint. There is a dash-pot for damping pointer flutter without, however, 
preventing the accurate recording of speed variations. 
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10. Ball-and-cup 

This class, though not yet represented in a line of industrial tachometers, 
deserves inclusion here for two reasons. One is that it is radically different 
in speed-measuring principle from the foregoing centrifugal-weight or 

‘governor™ classes; the other is that its principal inherent characteristics 
likewise differ. (A further reason is its obvious usefulness: this is no place 
for mere curiosities of instrumentation.) 

The principle of speed measurement employed depend ids on the fact that ; 
ball will “climb just so far” inside a spinning curved cup for each definit 
speed. In practice a rotating glass cup is used so that the path of the ball 
or balls will be visible. The outstanding characteristic is that the range 
depends on the radii and shape of the inside of the cup, so that given almost 
any desired scale, it is possible to calculate the dimensions and construct 
cup that will realize the scale. Another characteristic is simplicity anc 
consequent permanence of calibration and freedom from maintenance. 
Another is self-damping—amounting to inability to measure transient 
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fluctuations. In fact, the ball-and-cup tachometer appears to find its ap 
plication to the measurement of high and steady speeds, so that it will 
undoubtedly be used mostly as a frequency meter. ‘ Other characteristics 
suggest themselves readily when one compares this class with others. This 
instrument is the invention of E. H. Greibach, Research Department, 
Westinghouse Electric & Mfg. Co., who described it in the August, 1929, 
A.LE.E. Journal, from which the following is abstracted: 

“A cup-shaped container, preferably transparent, rotates around a 
vertical axis. One or more balls of suitable material, such as steel, are 
placed inside the cup. These balls are subject to the influence of centri 
fugal forces as the cup rotates. The centrifugal force acting on each ball 
has a component in a direction tangential to the generatrix of the inside 
surface of the cup (Fig. 539). This component causes the ball to climb 
along the inside wall until it is counterbalanced by the component of weight 
acting in the opposite direction; or, in other words, the ball is in equilibrium 
on a point of the generatrix when the centrifugal force and gravity give 
resultant which is perpendicular to the tangent. It is evident that the 
slope of the tangent is a function of the radius and the angular velocity of 
the cup. Therefore, when a cup is made whose slope and radius vary in a 
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proper manner, each point on the generatrix ci responds to a definite 
j 


velocity for which the ball is at rest. By providing a stationary scale, 
properly graduated, the speed corresponding to each position of the ball 
can be read. 

‘The inside surface of the cup can easily be calculated to give any re 
quired scale distribution. For most applications a uniform scale is desirable. 
The calculation carried out for a speed indicator having a uniform scale 
distribution shows that it is very easy to build cups for a narrow scale 
range; i.e., cups which would indicate the speeds varying through a range of 
+ 2 per cent (or less) of a given speed. In the design of the cups, due con 
sideration must be given to the rotary velocity of the cup. It can be 
shown that the curvature of the generatrix of the cup surface varies in 
versely as No. Since a greater curvature is desirable in the design of the 
glass cup, it is advisable to reduce the cup velocity by means of gears when 
designing indicators for high velocities . . . 

“The cup must be set in vertical position to insure maximum accuracy . 
Precision in setting the cup, although desirable, is not essential for ordinary 
commercial purposes. If the cup is steep, this is true because for small 
angles of deviation from the vertical, the variation of the component of 
gravity parallel to the generatrix is negligible. 

“A desirable feature of the apparatus is its property of indicating only 
the average when the speed undergoes rapid fluctuations. This character 
istic is easily explained by remembering that the ball, however small, 
possesses a certain amount of inertia and that the effect of friction is neg 
ligible against the effect of inertia. Furthermore, it was found by experi 
ment that on account of the friction being very small, the indicator acts 
sluggishly; i.e., the ball does not readily follow variations in the speed of the 
cup. Therefore it is necessary to provide a means of accelerating the ball 
A convenient means is to use a transparent vertical plate inside of the cup, 
fastened to the shaft and extending, radially, close to the inner surface of the 
cup, as shown in Fig. 540. 

“The indicator does not contain any parts that are subject to rapid wear 
or deterioration. It will maintain its calibration therefore, over an in 
definite period of time. The logical application is for accurate indication 
of small variations in speed ... When driven positively by a small syn 
chronous motor, this instrument can be used as a precise frequency meter, 
having a full scale range corresponding to two cycles or less when based on 
60 cycles ...can be used to indicate frequency variations as low as one 
tenth of one cycle. . .” 

The instrument described above is solely an indicator: no recording, no 
remote-reading, no contactor for signalling high or low, no way of actuating 
a relay for automatic control, etc. Nevertheless one may conceive that the 
“plate” might be replaced by a transparent “‘spider”™ or set of radial fins 
cross-section like the hub and spokes of a wheel—dividing the inside of the 
cup into six or more identical compartments. Six or more balls would cast 
a definite shadow and a photoelectric relay would do the rest. Another 
possibility that comes to mind is that for very close frequency control there 
could be a few degrees’ loose play between spindle and spider, the latter 
held by a spring between the two stops, at each of which an electric contact 
would be made. At the set frequency the spider would float between the 
two stops; any variation would cause it to precess or to lag, thereby closing 
one of the two circuits. 
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Sections 11 to 14—-CENTRIFUGAL FLUID 


11. Centrifugal Liquid-cup 

The simplest centrifugal fluid tachometer is a whirling glass partly filled 
with liquid. Inexpensiveness is the outstanding characteristic, it being a 
fairly simple matter to fasten a glass at the exposed top of a shaft. The 
shaft should be vertical—or approximately vertical in the case of high 
speeds. Only the case of a cylindrical glass will be considered, bowls and 
other shapes calling for mathematics outside the scope of a prac tical hand 
book. The following brief but adequate discussion is taken from Diederichs 
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The depression assumed by the whirling fluid (Fig. 5 
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boloid of revolution, and it can be shown that y= , where y is the 
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feet and n is revolutions per minute. Hence y= he value of 


18x \g ! 
this varies as the square of the speed and may be used as a measure of the 
speed. In the commonest forms of this type of tachometer a closed cup is 
used (Fig. 542). In this case, when a certain speed is attained the parabola 
will touch the side wall at the joint of the cover. After this speed is 


passed, the value of y becomes a linear function of the speed, that is, 

xm | /y" ' } hol 

a which y’ is the depth of the depression as the parabola 
O Y2¢ ; 


touches the top of the cup. 
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12. U-tube 













































13. Centrifugal Pump 

Tachometers of this class consist of two elements, distinct in their purposes 
but generally assembled into one conveniently handled instrument. One 
element is a centrifugal device for producing a hydrostatic pressure that 
varies as the square of the speed; the other is a gage for measuring this 
pressure. 

The primary device is a pump but it is employed solely as a differential 
pressure producer. Tachometers embodying pumps that actually pump 
volumes of liquid (the flow rate of which is then measured) constitute an 
entirely different class (Section 18). The centrifugal pump tachometers 
here considered usually embody a simple paddle wheel having perfectly 
tadial blades so that the pressure differential between center and periphery 
will be the same, for any given speed, regardless of direction of rotation 
The differential varies almost exactly as the square of the speed over the 
useful range. In the particular instrument illustrated (Fig. 543), the ratio 
of height of liquid to r.p.m. is the 2.05 power, approximately. 

The pressure gage does not necessarily have to be of any particular type, 
but in practice it is a single tube manometer rising from the reservoir con- 
nected to the “delivery side” of the centrifugal pump. Since atm spheric 
pressure is allowed to act both on the top of the liquid column and on the 
liquid in the “intake side” reservoir, the height of the column is a true meas 
ure of the differential produced by the primary device. It follows that the 
accuracy and some other characteristics of this class of tachometers are 
those of the single-tube liquid-column manometer— an instrument which is 


almost ideally suitable for the purpose, unless one considers a limitation the 


fact that it does not convert into a uniform scale the square root scale of 
r.p.m. imposed by the characteristics of the centrifugal primary device, and 
except for inability to be used in any position. The length of the glass 
tube determines the precision of readings. With a 361nch tube, this 
precision can easily be 0.03 inch or 0.1 percent of the maximum differential 


nN 

It is constant, while the speed scale is progressive. Consequently, speed 
values can be read very finely in the upper part, while in the lower part 
as usual with square-root scales—the least personal or parallax error is 
greatly multiplied in terms of speed. Centrifugal pump tachometers 
should therefore be used preferably in the upper part of their ranges, where 
the limit of error even with a short manometer is usually well within 0.5 
percent. 

As with all progressive-scale instruments, the range is narrow, but suit 
able gear shifts can be built in. 

The energy consumed varies also as the square of the speed. It usually 
amounts to a fraction of a horse-power. It naturally disqualifies the instru 
ment for use on light machinery. 

No hand tachometers can be made but most instruments are semi-port 
able, i.e., easily transportable but requiring to be screwed down in place 
They are preferably used as stationary tachometers on applications where 
speed does not fluctuate widely. They are reliable, give no trouble and 
seldom have to be returned to the factory for adjustments. 

Fig. 543 shows the best known American-made instrument of this class 
the Veeder Tachometer (Veeder-Root Inc.). Extracts from maker's 
description: 
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The Form H-4 Tachometer is a portable instrument fo 1g revolutions per minute 

of dynamos, motors, shafting, etc. It is simply a centrifugal pump, a reservoir for liquid and 

n indicating tube. The moving part is the paddle wheel in the centrifugal pump. 





This has radial blades and henc when ru >ither direction. 





wheel is revolved, the liquid is force vf j 
ip the indicating wae by centrifugal force r 
iris ted by | il anced open st the enter the 


ected 
yump and the liquid is dischavend through balanced oper 
ings in its peri] hery. 


The gr sduati ns on the scale illustrated (Fig. 543 
represent variations of speed of one per cent at top. A 
skilled observer can easily read the indications to within 

ne-tenth of one per cent from maximum down to three 
fifths of maximum. Special scales with fine graduation 
in be furnished. This instrument is used-by the Bureau 
f Standards at W ashington, D.C 

A slight inclination of the instrument does not ré 
il ly vary its reac ling The shaft I th e | 11S 
vertical so that no stuffing box is necessary. lle 





shaft is driven through bevel gears from a horizontal sh 
carried in ball bearings The hous for this drivir 


9 
} ho 7 | + we ] + TY rp th 
shaft can be rotated on a vertical axis t thr ugh more than 


180° so that the instruments can be belte: or ge areC 1 from 

any direction. The vertical position of the a 
11 7 : 1 1 

serves to quickly eliminate any air bubbles which b night 


be entrained in the liquid when the in strument is filled 

A displacement plunger is provided for adjusting 
level of the liquid to zero when it is at rest. The 
valve for throttling the passage from the pump to 
dicating tube but this is used only when the speed varies 
suddenly. Kerosene colored with aniline dye is the liquid 
used A oie of colored kerosene is furnished with 
each instr imet 

The standard size is a 12” scale, but for testing instruments we can furnish them with scales 









Fig. 543 


36 inches high 


The Amyot-le Prieur tachometer, a French instrument, represents a diff 
erent type in this class. The paddle-wheel intake is connected to a reservoir 
open to atmosphere but the idivers side is connected to a closed chamber. 
The air above the liquid surface in this chamber is compressed when the 
impeller rotates. This pressure is indicated or recorded at a distance by one 
or more instruments, somewhat like the German system shown in Fig. 529. 
Air-tight connections are necessary but once installed the tachometer re 
quires practically no attention, as the same oil which is the centrifugal ele 
ment serves also as lubricant. 


14. Pneumatic 

In this class of centrifugal fluid tachometers, the method resembles that 
of the centrifugal pump class described in the previous section, in that there 
is a primary device for producing a difference of pressure and a manometer 
for measuring it. 

The usual primary device embodies a tee of piping, rotating about the 

nt t / & ° 5 

axis of the central pipe so that air tends to be expelled from the two arms. 
The measuring instruments are of various classes and types according to the 
requirements of the application. 

Characteristics—Square-root scale, etc. as in previous class, but uniform 
scale records can be obtained (see below). Remote-reading and remote 
recording instruments practicable and available. Primary devices (of 
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makes designed for industrial purposes) are rugged and trouble-free. Differ 
ential is usually only a few inches of water. No portable models. Wide 
field of applications, steady or fluctuating speeds, excluding however all 
where power consumption would falsify measurements. Accuracy depends 
mostly on pressure measuring instruments. Calibratién is permanent as 
far as primary devices are concerned. Leakages destroy accuracy but they 
can be readily detected. Direction of rotation immaterial 
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Mention may be made of inverted-tee primary devices with the central 
pipe ending in an annular liquid seal, and with other refinements, but the 
Bailey Tachometer (Bailey Meter Co.) is the outstanding industrial instru 
ment and its description will serve adequately for the pneumatic class. 

The actual construction consists of a tube mounted in bearings and driven 
directly by suitable couplings, by sprockets and chain or by gears. At the 
end of this tube is a hollow cross piece making a letter T. Rotation pro 
duces a suction due to centrifugal force tending to throw the air out of the 
arms of the T. Fig. 544 shows the primary device, known as the rotor 

There is no flow of air through the system, but simply a differential in ai 
pressures produced, which is applied, in the case of the recorder, Fig. 545, 
under two oil sealed bells which are hung from a beam in the recording 
mechanism. The two bells are suspended from knife edges on the beam 
which is also supported by knife edges, and is connected by a link to the 
recording pen yoke as shown in the figure. The movement of the pen 1s 
directly proportional to the differential pressure which varies nearly exactly 
as the square of the rotor speed, and a pen motion directly proportional to 
the tachometer rotor speed is produced by using a parabolic displacer su 
pended in a reservoir of mercury as shown in Fig. 545. An increase in 
rotor speed is accompanied by a greater pressure difference, which, acting on 
the bells, produces motion of the pen yoke beam, thereby drawing the dis 
placing member out from its mercury reservoir. This member moves until 
its change in buoyancy exactly balances the force produced by the pressure 
difference in the bells. The shape of the displacer is such that its motion 
and that of the recording pen are directly proportional to the tachometer 
rotor speed, thereby allowing the use of a uniformly graduated chart fot 
recording speed. 
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The radius of the displacing member from the point about which its 
supporting beam rotates can be changed to give a maximum chart reading 
over a wide range in rotor speed. For maximum speeds as low as 200 r.p.m. 
ind as high as 3000 r.p.m. the simple rotor with chain and sprocket drive is 
used. For cases where full chart or full scale motion must te produced with 
slower speeds, the geared type 
tachometer rotor is used for 
maximum speeds as 100 seconds 
per revolution. Speeds up to 


¥t 1 : | I 
6000 r.p.m. can be handled by the 


an: 
\ fas geared type rotor 
\ The indicating tachometer op 
erates on the same principle as the 
recorder, except that the scale 
over which the pointer travels 
has progressive graduations. No 


Mercury 


weight being used to supply 

the counterforce which acts 

igainst the differential pressure as 

oo ee ipplied under the oil-sealed bells. 

in| The indicating unit is designed 

to occupy one of the compart 

‘ ments in a standard 

oe Bailey Multi-Pointer 

Pat ; > 3 Gage (see Chapter 
va XI, Section 8). 


| f ] displacer is required, a pendulum 








The recording type tachometer is used with the Bailey Boiler Meter to record the rate of 

coal feed The t ach ymeter rotor can be att ached to either the stoker shaft or the pulverized 

Ye +} Peenniin txeatecfcosltend. Wied aftr Shak crenection te corked 

riapeiee sas hatha pu wight Is the ot cOal Teed hen used in this connection the record 

is easily compared with the records of Steam Flow and Air Flow on the Boiler Meter chart, 
f 


and aids the firemen in adjusting the rate of coal feed in accordance with the variations in 
boiler rating 


For installations where it is desirable to have non-uniformly graduated charts on the 
recorders so that certain portions of the scale may be enlarged to pr VIC le for accuracy in 


operation, the Bailey recording tachometer is supplied with a pendulum counterweight in- 
stead of a displacer and mercury reservoir 

All records are made on 12-inch circular charts which can be furnished with one-, 12-, or 
24-hour per rd Seven-day charts can also be furnished 








August, 1931 INSTRUMENTS Pa 





Measurement 
of Air Flow 
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Bramwell Medallist; Member of the Institution of Heating and Ventilating 
Engineers; Assistant in the Aerodynamics Department 
National Physical Laboratory 


CHAPTER VII (Cont'd 


Effect of a Fluctuating Wind.—We have tacitly 
assumed in the preceding analysis that the anemometer is 
placed in a steady wind whose speed is constant and uniform 
across the whole vane circle. In practice, however, the wind 


speed is usually both more or less unsteady in magnitude and 
variable from point to point across the vanes, and it is necessary 
to consider what errors may be incurred from each of these 
causes. We will deal firstly with the effect of a fluctuating 
wind speed, which we will assume at any instant to be the same 
at all points over the vane circle, but to vary with time ovet 
the whole circle. We must exclude from consideration natural 
winds, and confine our attention to those cases in which an 
anemometer is used to measure the speed of an artificially pro- 
duced air current. Such a current will usually be obtained by 
means of a fan running at a speed which is intended to be con- 
stant, but which will probably fluctuate about a mean value. 
As a consequence the wind speed will also fluctuate in a more 
or less periodic manner about a mean value, and for the purpose 
of analysis we will assume that the wind speed V at any time ¢ 
is given by the simple harmonic relation, 


V=V,(1 + Asin pt), . ; . (21) 


where V is the value of V at any time ¢ = 0. 
It should be noted that in this equation A is the amplitude 
of the fluctuation, V, is the mean speed about which fluctuations 


27 . ‘ 
occur, and that is the time for one complete cycle. 


Now the aerodynamic theory of airscrews has established 
the fact that both for an airscrew producing a wind, and for a 
windmill driven by the wind, the wind torque Q is given by 
an equation of the form 

O .(nD 
pV?D3 | oY ), ; : ~ ‘az 


_/*D nti 
where f ( y )represents some function of ( V ). Wemay there- 
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fore assume that an equation of this type holds for a vane ane- 
mometer. When the anemometer is in steady motion Q = —T, 
Z nD 


” 
against Vv the form of 


pn - 
the function f ( vy) can be determined. To take a concrete 


I 
‘ refore by plotting ay): 
ind therefore by plotting pV2D 


case, we may consider once more the low-speed anemometer,* 





for which the values of T have been calculated (see Table VIII.). 
- ; Px. oie 
Values of Q (= — T) are plotted against a in Fig. 44, and it 


will be seen that all the peints for values of V = 1-0 and up- 
wards lie on a straight line. It should be noted that this range 
of V corresponds with the linear portion of the calibration curve 
































nD 
V 
0 o'lo 0'20 0°30 0°40. 
0 + T 
v=60g°V"8:0 
} 
-0:025 
~ 0-050 
-0:075 
-0:100 
-0°125 


of the instrument, so that it appears that over this region we 
may write 

) nD 

ae + b= 


pvips = 4 + Ov om 


* Continual reference to this anemometer is necessary, since it is the 
only instrument whose complete characteristics are available to the 
author. 





mene, a. 
” 
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where a and 6 are constants, and this result may be expected 
to apply, over the linear range, to all vane anemometers of 
normal design, the values of a and 6 varying from one to another. 
For the particular instrument under consideration the values 
of a and 6 taken from Fig. 44 are — 0-118 and + 0-383 respec- 
tively. 

Let us now imagine the fluctuating wind speed given by 
equation (21) suddenly impressed upon an anemometer which 
was previously rotating at a steady rate m, in a steady wind of 
speed Vo. 

From equation (13) we have, at time ¢ = 0, 


= pVo*D*(a " oS), 


and at a time ¢ shortly after 
O, = Oy + ¢ = plVe+ 22D 40+ tet py) 
t \ or © 
where g, v, and ” are small changes in Qy, V, and m, respectively. 
Hence, by subtraction, 
ts = 2aVo + ad? + bD(V, + 2)(m + n) - bDryV, 
p 
= bD(V> + v)m + v(2aV, + bDn,) + av?. 
Now vis the increase in wind speed, and is given by AV, sin pt, 
so that, substituting this value of v in the above equation, we 
have 


fs = bDV,(1 + Asin pt)n + AV,(2aV, + bDn,) sin pt 
p 
av?V ,? sin? pt. 
Since qg is the excess wind torque acting on the instrument, 


which produces an increase in the rotational speed, the equa- 
tion of motion, which is given by 


(angular velocity) + g = 0, 


becomes, since the angular velocity produced by q is equal to 
27Nn, 


mh + bDV,(r + Asin pt)n = — (2aV, + bDn,)AV, sin pe 
— ad?V,? sin? pt, 
or a + a(x + Asin pt)n = Bsin pt + dsin* pt, . (24) 
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bDV pD3 7 
where a ; - , | 
AV ,.(2aV, + bDn,)pD? 
B , (24a) 


ed 
“adi 


ar?V ,*pl )s 


27I | 


Equation (24) is of the standard form 


and 5 


dy 
Py QO, where 
ax e a > 


P and Q are functions of x, and the solution is therefore 


L+A ot yit . — a(1+As nt dt . 
grnn etree | (2 sin pt + Ssin? pi)eIT* PM de C, 


or nel! © Pt) ( sin pt + 8 sin? ptje™’-p° PYdt + C, — (25) 


where C is a constant. 

This solution cannot be reduced further without making 
certain assumptions based on practical considerations. We 
have assumed that the wind speed varies according to a sine 
law about a mean value V, but we have not yet assigned magni- 
tudes to the amplitude or period of the variation. 

For the purpose of illustration we will assume that the fre- 
quency is 2 per second (i.e. the periodic time is $ second) and 
the amplitude + 10 per cent. of the mean speed. These as- 
sumptions are more or less representative of many working 
conditions. Hence in equation (21) we have 


277 
p and A orl, 


> ie 


i.e. 0-008. 


Equation (25) then becomes 


ere Je sin pt + 8 sin? pt)er(!— 0-008 cos piyg¢ 4. C, 


Now the maximum value of 0-008 cos pt is 0-008, so that 
when ¢ = 0°8, i.e. before the motion has proceeded for one 
second, this term becomes less than 1 per cent. of ¢, and after- 
wards becomes relatively smaller. It is therefore legitimate to 
neglect 0-008 cos pt in comparison with ¢ and we may write, 
with sufficient accuracy, 


nial (2 sin pi + 8 sin? pt)ewdt + C, 
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the right-hand side of which can now be integrated, giving, 
after reduction, 
B(a sin pt — p cos pt) 
a? + p? 
5 es 2 2 enc 2 1: ) 
‘ d(a 4p — a* cos 2pt 2ap sin 2pt) oe ‘ 
T 9 9 t € e (2 )) 
2a(a® + 4p%) 
The value of C can be obtained by putting = 0 when ¢ = 0, 
since ” is the change in the rotational speed of the vanes from 


its value at the commencement of the fluctuating motion, and 
in this way we arrive at the complete solution, 


Bla sin pt — p cos pt) 


nN 


n 


= p 26p 
2 adie mer ae (27) 


If we examine this solution we find that the motion may 
be regarded as composed of two parts, one a steady periodic 
motion represented by the sum of the first two terms, and the 
other, represented by the term Ce~*, a damped motion which 
has its maximum value when ¢=o0 and decays rapidly as 
the time proceeds. In the case of the low-speed anemometer 
we find from (24a), by inserting the values of the mechanical 
constants already given, that a = 0-718V,, so that if we take 
the case when V, = 1 foot per second, the damped part of the 
motion is equal to Ce~%7!8!, Now e~° 718! becomes equal to o-I 
when ¢ = 3:2 approximately, so that the damped motion is 
reduced to one-tenth of its initial amplitude in about 3} seconds, 
and it will be seen that this time will decrease as V increases. 
It appears therefore that the motion represented by (27) 
rapidly assumes a steady periodic character given by the sum 
of the first two terms, and it can easily be shown that the average 


— 
value of ” is —, or, when the values of 8 and a from (24a) are 


2a 
2 
inserted, — an’ ve 
26D 
In other words, this means that the anemometer, when 
placed in a wind fluctuating in the assumed manner about 
mean value V,, will rotate at an average rate higher by an 
9 


ar? ' , 
amount — Ve (higher, since a is negative) than the rate 







































at which it would rotate in a steady wind of speed Vy; Le. 
an anemometer in a fluctuating wind gives readings in excess 
of the mean speed. 


9 
- 


, . oe 
It will be seen that the quantity — bb, 3 independent 
al 0 


of the period of the fluctuations in the wind speed and of 
the moment of inertia of the vanes. It appears that these 
quantities will merely determine the lag of the periodic motion 
of the vanes behind that of the wind, whilst the mean ampli- 
tude of the motio n of any given set of vanes is affected only 
by the amplitude of the variations of the wind speed. An 
inspection of (27), however, shows that the actual value of n 
at any time is influenced by # and I; it is only the average 
value of m that is independent of these quantities. 

To obtain some idea of the magnitude of ‘ian excess reading 
obtained in a fluctuating wind, we may apply this result to 
the low-speed anemometer. The values of a and 6 have already 


been given as — o-118 and 0:383 respectively, and the value 

of D will be found in the list of constants for this instrument. 
2 

= , ar? .. . F ; 

The value of — V, will be found to become 0-00493V¢, 


25D 

on the assu mption, as before, that : -0-r. Wecan now draw 
up the following table in which the value of 0°00493V 9 is shown 
for various values of V,; the ia of m, corresponding to each 
value of V, was obtained from the calibration curve of the in- 
strument obtained in a steady wind, and the last column, in 
which 0-00493V, is expressec asa percentage of m,, shows the 
percentage increase in the readings of the instrumen it when 
placed in the fluctuating wind of mean speed V,. 

It will be seen that for the conditions assumed the percentage 
error on the mean speed is ion than I per cent. If, therefore, 
the maximum departure of the wind speed from its mean value 





does not exceed 10 per cent., and the frequency of the fluctua- 
ABLE IX 
er ase 
V, 4192 V ' 
er se | ~ +  >é 
2 s 2 49 
{ -” 4°92 2°40 
205 7°53 0°39 
s 4 42 ’ 35 
cat dm Meath eid  onecere 
ions in wind speed is not greater than 2 per second, the errors 


in the mean speed as indicated by an anemometer may be disre- 
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garded. It will in many cases be found that unsteadiness in the 
air current is not worse than that here assumed. In adverse 
circumstances, however, the maximum amplitude of the fluctua 
tions mav be as much as 50 per cent. (A =~ 0°5) or more in 
excess of the mean speed, although it is unlikely that the fre- 
quency of the fluctuations will be much higher than 2. Such 
extremely unsteady conditions sometimes occur in mine drifts. 
Since the error in the readings of the anemometer have been 
shown to be proportional to A*, they will be increased 25 times 
if A is 0-5 instead of o-r, so that under such unfavourable 
conditions the readings may be 10 per cent. high, or even more. 

Effect of a Variation in Wind Speed Across the 
Vane Circle.-—In general the distribution of velocity across 


x a pipe along which air is flowing 
e is not uniform, the velocity being 


higher at the centre than near 


_ the walls. We have seen in 
{ Chapter V. that, in order to de 
Pp = termine the quantity of air flow- 





Q ing in such a case, the velocity 
hig has to be measured at certain 

definite radu, which are the mean 
radii of a number of imaginary 
concentric zones of equal area 
6 7 into which the pipe has to be 
divided in making measure 
ments. The question therefore 
arises whether, when measurements are made by means of an 
anemometer, the instrument must be placed with its anis at 


the radii in question or at other points. The answer depends on 
whether or not the blades will rotate at the speed appropriate 
to the velocity of the filament of air passing the centre of the 
anemometer disc, or at a rate corresponding to some other 
wind speed. 

In Fig. 45 let o1, 02, 03, etc., represent the median lines 
of the vanes of an eight-bladed anemometer, and let 7 be the 
radius to the centre of pressure of a blade. Let blade o1 be 
at an angle a to the reference line PQ, and let the velocity vary 
along PO according to the relation 


V Vo(1 + Ax + Bx?), . , . (28) 
where V is the velocity at any point along PQ, distant x from P 
where the velocity is Vo. 
Also let Pt} = Of) = ¢. 


Let x, x», etc., be the distances measured parallel to PO of 
the centres of pressure of the blades o1, 02, etc., from O. 
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x, => r(I + COs a) 
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Then 
/ 
X5 r\ I 
and v~= 71 
similarly 
and 


7 
4 


i 


COS a), 


7 
cos - 
4 
sin a), 
"Tr 


sin - a). 








In order that the problem may not become unduly com- 
plicated, we shall assume that the velocity distribution per- 
pendicular to PQ is uniform, i.e. that the velocity at all points 
on a line intersecting PQ and perpendicular to it is the same, 


and equal to the velocity at the point of intersection. 


In this 


case the velocities V,, V2, etc., of the air impinging on the centre 


of pressure of each blade depend only upon the distances 
X,, X», etc., and are given by the following relationships :— 


V, = V,{1 + Av(! 
V; v,| 1+ A7v(I 
V, = Vor + Av(1 
V, Vol r+ Ar(1 
V. V1 Ar(1 
Ve = Vol x + Ar(x 
V, = V,{r + Av(1 4 
and 


Vv, = V, 





T 
cos 


sina) + Br?(1 


r+ Ar(1 + sin J +. a) + Br?( 


- cosa) + Br?(1 + COS a)?], 
7 COS a ) Br?| I cos : 
sin a) + Br?(1 - sin a)?], 
sin - a) + Br?( 1 — sin 
4 
COS a) Br?(1 cos a)?!, 


Br?( 1 


a ) 
+ sin a)?], 


TT 
COS - 








+a) |, 


_ 
| 


e \ 2 
r+sin™ +a) |. 
4 ) 


/ 


Let the centres of pressure of the blades move, under the 
effect of this variable velocity, at a tangential linear speed v 
which would correspond, according to the calibration curve, to 





ey 
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a wind speed V. Then V and @ will be such that the torque on 

the whole instrument rotating at this speed will be equal to 

the sum of the individual torques contributed by each blade. 
Now we have already shown (equation (4)) that 


Torque — KpAd¢(V? +- v?)mr cos (0 — 6 + y). 


Provided that the wind speed is such that the anemometer is 
rotating at a fair speed, 1.e. that we are working on a portion 
of the calibration curve some distance from B in Fig. 40, no 
appreciable error will be introduced by assuming that 4, and 
hence also K and y, are constant for all the blades, so that we 
may write 

Torque = K’m(V? 


The condition that the total torque is equal to the sum of the 
torques of all the blades is, therefore, expressed by the equation 


8K'(V? + 5%) = K’{(V,2 + o2) + (V2 + 32) 


1.€. Fi 
SVt = V,? + V.2 + V2 + .. - Vit = BHA. 


4 ' 3 s 8 


From equations (29) it will be found, after reduction, that 


LV,?2 = 8V,7{(1 + Ar + Br?)? 


27B?r?)], 


which is independent of a and hence constant for all positions 
of the blades, so that 


V=Voy (1+-Ar+Br®)?4 (4A2 - 8B+24ABr+27B2r2). (30) 
In this equation V is, as we have seen, the wind speed indicated 
by the anemometer. If the instrument indicated the speed 
of the wind passing through the centre of its disc, the value 
of V would be V,(1 + Av + Br?), so that it appears that the 
indicated wind speed is the speed of the air at some point along 
the radius of the anemometer. 

To get some idea of the magnitude of the discrepancy, 
we must take numerical examples. Let us assume, in ordet! 
to fix our ideas, that the wind speed given by equation (28) 1s 
V, at P(x = o in Fig. 45), and rises to 2V, at Q (x = 27), and 
that at x = », the centre of the disc, V r8V,. Wecan now 
calculate the values of A and B, and, by inserting these in equa- 
tion (20), we get 

V 1'60Vo, 
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which is 6 per cent. less than the velocity at the centre of the 
disc, and is, in fact, the velocity at the point 2 - o-81r, instead 
of at x = 

If the diameter of the anemometer is small compared with 
that of the pipe, it will probably be sufficiently accurate to 
assume a linear variation of velocity across the disc of the 
form 


V = V,(1 + Ar). 


In this case, similar reasoning leads to the result 
\ Voy (2 i Ar)? 4+ - ' 


and, on the assumption, as before, that the velocity at 4 2r 
is twice the velocity at a 0, we have 


\ 1°54V, = velocity at the point x ro8r: 


i.e. \ is 2} pe r cent. greater than the veloc ity at the centre of 
the disc. 

In practice, provided that the pipe diameter is reasonably 
large in relation to that of the anemometer, a distribution of 
velocity such as that assumed in both the above cases, in which 
the wind speed at the centre of pressure of a blade in one 
of its extreme positions is double its value in the other, is 
probably of rare occurrence, so that in general the errors in 
indicated wind speed will be less than those given above. 
Nevertheless, it is important to observe that these errors may 
in many cases become appreciable, and it is for this reason 
that it is not advisable to use an anemometer in a pipe whose 
diameter is less than about 6 times that of the instrument 
unless it is known, either from a preliminary exploration or 
otherwise, that the distribution of velocity across the section 
of measurement is reasonably uniform. 


or 


The Meriam Company, 1955 West 112th St., Cleveland, Ohio, manufacturers of Flow 
Meters, Draft Gages, Filter Flow Meters, “U" and Well Type Manometers and Pulsation 
Shock Absorbers for pressure gages, announce the appointment of Mayer & Oswald, 332 

uth LaSalle St., Chicago, Ill., as its sales representative in the Chicago territory. 


>—2or 


The Clavd S$. Gordon Company who recently installed a new commercial X-ray laboratory 
it 2416 West 15th Place, Chicago, Illinois, announce the appointment of Wm. G. Praed as 
Radiograph Engineer in charge of this laboratory. 

Mr. Praed was with the Bethlehem Steel Company during the war working on gun sight 
layouts. After the war he went with the Link-Belt Company of Indianapolis as tool maker 
nd worked his way up through the Engineering Department, Estimating Department, Night 
Superintendent, Works Engineer, and when he left them was Assistant to the General Super- 
intendent. He has been identified with the American Society for Steel Treating ever since 

j 


its organization and was twice chairman of the Indianapolis section. He has had a great deal 


‘t 





f experience with the inspe-tion and testing metals 
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NEW INSTRUMENTS 


Recently Developed by Instrument vegreganeren 
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New Salinity-Indicator System 
(Sperry Gyroscope Company, Inc.) 


HE operation of the Sperry Salinity-Indicator System is based on the principle of the in 
crease in electrical conductivity of water that takes place with the increase of electrolyti 





impurities, or, conversely, the increase in electrical resistance wit 














impurities. By immersing two electrodes in the boiler-feed water, a fixed resistance is secure 
when voltage is impressed upon the system, provided the impurity content and the pel 
ture of the water remain the same. This resistance is read eter-type indicator 1 
scale graduated in “Grains of Chlorine per Gallon,” the accepted arbitrary scale for salinity 
ndication. If the saline content of the water increases, as in the case of leak ige Of sea Water 
into the fresh water system, the conductivity between the electrodes incre ind the ind 
cator pointer moves upward in proportior yn, warning the sl sonnel so tha tion 1 


be taken before a dangerous condition is re pache j 

Each conductivity cell is a unit in itself—immersed in the boiler-feed or other fresh water 
supply and electrically connected to a panel from whi 
an amuneter-type indicator in “Grains of Chlorine pe 





electrodes enclosed in a tubular brass housing fitted sat e so that the cell it 
nay be withdrawn for cleaning or inspection. The el ) mies ire capped with platinum and 
are protected from injury by a cylindrical guard. ve tric cal nection is made at the rear 
the cell element where the electrodes protrude from the bakelite insulator which supports 


them 

















At left) Conductivity Ce 








d c Il ren n gate valve showing guar 
and Gate Valve At right) Sal ator Pane 
Two types of indicators are supplied, both being graduated in “Grains of Chlorine per 
Gallon” and both having a range of from zero to 10 grains. Each type of indicator, however 
is supplied in two different styles, the difference being in the width of colored zones 


Type D-1 Indicator is being used for indicating the salinity in the main and auxiliary con 
densers. 
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New Highly Sensitive Scale 
ee ore es ree 


the Toledo Scale Company. The chart 
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New Pointer Draft Gage Straight- 


Line Movement 
(Ellison Draft Gage Company) 


] 


, fp new tandem system is designed for zoned air flow control under large forced dra 
stokers 


To obtain adequate control of the combustion process, the windbox under eacl 
an underfeed stoker is divided into from two to four zones fitted with individual 
through which the air flow may be measured and regulated. Likewise the windbox under the 
extension grate is divided into several sections—usually the width 
The gages indicating the air flow through the damper and the damper control rods are mounted 
yn a vertical panel so grouped into zones as to f ; rad I 


i desired or predetermined air flow to any zone or retort 
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To provide a compact gage with minimum space requirement it >me! 
differential elements has been devised. Standard movements in the Elli 
pointer draft gage straight-line movement are arranged in pairs A pointer 


in the unit, one above the other in the same casing,and with the bells one in back of the other 
in the same oil pan. Scale centers are 234” or an equivalent space requirement of 144’ width 
for each reading 

A minimum of height is required with this arrangement sit 
static pressures of lower forward row of elements likewise serves the upper row as well 
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1 Y 1 ‘ 1 ? 
Extension type differential elements projecting above the beam are provided, affording pr 
tection against high induced draft statics. Depth of drop leg is dependent only on maximum 
forced draft static for which gage is to be sealed 
The double row of pointers readily divides into zone groupin top row to show for 
ward zone of all retorts, bottom row the lower zones, etc. To indicate the division between 


the extension grate ind the retort zones, the blinder between these scales is finished in black, 
all the other blinders in aluminum 
Ti 


obtain air flow reading, the pressure drop across the Venturi damper is measured by 





1 standard differential element. This element consists of a movable bell within a stationary 
bell sealed at the bottom in mineral oil 

Pressure at the damper inlet is piped into the top of the stationary bell and the damper out 
let pressure to the draft tube of the inner bell. Thi movable bell is actuated by the net 


or differential pressure. The resultant movement is transmitted to the indicating pointer by 
means of an extension plate on bottom of the moving bell and supporting rods, outside of the 


1 yn the beam 








fixed bell, to the knife edge bzaring 
All bells are served by a common oil pan or reservoir, provided with oil filler in back of 
gage through which oil level may be seen on a marker. Drain is provided on bottom of pan 
and piped through the supporting plate in back of the casing 
Pressure connections are also supported on the back of the casing with fittings tapped 1” 
f } 


I.P.T. for connecting pipe lines. Shut-off cocks are furnished for each pipe line 
The usual range required is plus 1”’ of water differential, seale 
-d and forced draft statics. Scale for each pointer is 8”’ | 


1 as specified for maximun 


} 1 1 

induced and mg, the two scales for each pair 
of pointers being combined in one piece. Scales may be furnished in square root graduations 
for direct indication of relative air flow, in uniformly spaced graduations, or graduated only 








at zero and full range as specified. 

Movable markers consisting of a metal strip 1’ wide across the scale are pr for ad 
justing pressure curves on the scales. They serve as guides for the stoker operator to mai! 
tain correct air flow ror any given rating or operating cor 

-— oo 
Rapid I tion G 
7 ‘ 
(Wells Mfg. Co.) 
HE ‘Wells’ Gage is for mass production. The reading is done with the eye and is 
magnified over 2300 times. To measure screws or taps, anvils or three wire system ca 
ised. The pressure is the same all of the time 

















The anvils produce the same results as the tapped hole. This method is fine for three- 
fluted taps. The anvils are opened by the foot and closed by a spring which insures the 
same measurement every time. This cannot be obtained by hand pressure. By using flat 
anvils, round or flat pieces can be inspected very rapidly. The three-wire system is the best 
and most accurate method of measuring. The wires-are held in place for very fast inspection 
The wires are adjustable so one gets the wear the full length. They are held loose, yet in the 


right position all of the time. The gage is set by the use of a standard plug 
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New Automatic Oscillograph 
(Westinghouse Elec. & Mfg. Co. 


OR use in recording fluctuations of electric power or mechanical changes translatable int 
electrical ones the Type PA Automatic Power Oscillograph has been developed 
liv all char 
Aly Aik 4 IALILE 


Although designed primarily for recording automatica 


] " 
power systems, the PA oscillograph 1s adaptable also to staged tests of all kinds. In research 
laboratories, steam-turbine shops, testing laboratories, college laboratories, and other places 

where it is desirable to record electrical 


and mechanical phenomena, applications 
for this apparatus are found. — 

The oscillogr 
of four different 
each of which is 
certain types of 
energy incan lescer t 
light strikes the 


elements of the 





photographic film 
reflected from the 
of the f] ictuatl 
vanometers, and 
flm holder ar 


nt 


the film. A six volt battery operates the oscillograph, supplying 


and the motor. 





The PA oscillograph is protected by an oblong Micarta case which are 
mounted panel boards providing control for the operation of tl ins of dif 
ferent panel combinations, the oscillograph is adjusted to record \ . instantan 
eous and average value polyphase and single phase watts, positive ar > sequence 





current and voltage, and phase angles 
On one end of the case the complete film unit, including the n 
film holder takes a film five inches in width and up to ten feet in | 
the film through gearing providing speeds of 4.5 and 9 feet per secot 
The oscillograph automatically starts to operate within 14 to 1 cycle of a 60 cycle wave 
after the appearance Of a fault 


->d. The 





Precision Potentiometer 


PRECISION potentiometer of maximum sensitivity and accuracy has been announced 
by the General Electric Company. Designed for lal l 
ments, the instrument reads from one microvolt to 2.1 volts; and, by | multiplier, 
to 21, 105 or 1050 volts. Shunts are avilable for measuring currents of from 0.1 to 500 amp 
and special shunts for values less than 0.1 amp. can be supplied 
Among the advantages of the instrument are: 
(1) A precision of reading to one microvolt may be obtained without interpolation of the 
galvanometer reading; 
2) Balance against the standard cell is made without changing the position 
plug; and 
3) Readings are taken from the positior 
of the dial switches 
The potentiometer is in a walnut case 
measuring 1734 b 
lbs. All switches, coils, wiring, 


measure 








y 1l by 7 inches, and 
weighs 22 


1 1 Lt , 1 
etc. are attached to the black molded t I 


At the back of the panel are the various 
binding posts for storage battery, standar 
cell, the e.m.f. to be measured, and the 
galvanometer 

On the central and right-hand portions of 
the panel are five main l 


ings. To the left are two rheostats for controlling potentiometer current in balancing it 
































yainst the e.m.f. of the standard ce Below this is the rati ig to permit the dial switches 
to be read directly, or to 1/10th indicated value 
In the lower left corner is a key so arranged that, when it is pressed part way down, tl 
galvanometer circuit is closed through a 100,000-ohm resistance to reduce the deflection of the 
yvanometer. A lock is provided to hold the key in this position if desired. When the 
is depressed all the way, this series resistance is short-circuited, and full deflection of the 
lyanometer is obtaine 
Beside this key is a switch for connecting either the standard cell e.m.f. i 
ircuit with the galvar ter Near the upper left c f the 1 dard-cel 
i whi nh makes 1t possibile t set the potentiometer for the value I Ving ar 








:ted brass spools. These 
e af + 











118 ive it ist ear Detore tr I most of the 
! , ssmanlier in 

The accuracy of adjustment of the ils is such that or more, the 

| " S07 sf ¢] iat tea enn totam ; , | Me ee 

error is less than 0.005“, 1f the current Nas Deen Dalanced again n andard cell Dy means « 

e main di If the balance has be ll switch, the 
error W1 ss than 0.01% of the rea 

A 1 y nometer f suitat r lir of the 

rl ain i ne. Portable gal f sensitivit 
~ ft ne ess T 


Dunco Mid-Gett Relays 


(Struthers-Dunn, Inc.) 


HE new Dunco line of miniature re 

lays, made in eight contact arrange 

bases, measure 

follow in detail the 

regular type Dunco Relays 
1 ~ | 


th > three-] 
the three-ie 





> ct 


-9ged stool principle ot 












nstruction, form-wound, moisturé 
proof coils, renewable contacts, accessil 
jconenal with moulded bases } ; 
terminalis, with mouide Dases Naving 





h dele 
Nn dielectric 


hey perate mn from 6 to 120 volt 
r 24 volts, D.C., depending upor 
il use 


The Meriam Company, Cleveland, Ohio, manufacturers of flow meters, have appointe 
Anderson Engineering Company, 42 Church Street, New Haven, Connecticut, Leor ar 
Maleson Company, 815 Locust Street, Philadelphia, Pennsylvania, and S$. D. Shook & 
Company, 528 Duquesne Way, Pitsburgh, Pennsylvania, as exclusive representatives 11 


their respective territories 


Trust Building, Cincinnati, as 
) Ohio territory 


The Ellison Draft Gage Company of Chicago announce the app 


ent of the Hauer 


representati\ 





resent 


ve fre 
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es . 
; Automatic Brake Featured on 
1e€ ° 
: New Wire Meter 
ve 
N entirely new principle of design and construction in a wire measuring machine has 
it been developed and perfected by the Durant Manufacturing Company This new 
ai wire measuring meter features an automatic brake which has proven itself practi 
ul ibsolutely accurate in a series of tests under working conditions n 
plished by S x, the 
se —} tension of ich 1 accon 
1e modate various thi The 
| leat ver brake shox ick] 
ne and easily 
ol Measuring be furnished witl 
1e a straight mille e, a cross knurle 
surface or a composition rubber surface for 
he accommodating different types of material 
ty to be measured. These wheels, like the 
entire frame, are made of heavy cast 1ror 
and run on a bearing surface equipped wit! 
oilers. Wear is practically eliminated 
The frame, brackets and counting mechar 
ism case of this new Productimeter are finishe 
in a new baked black enamel 











attractive crinkled surface and 
pervious to m ire and the 
This measuring meter can be furnished with the counter fac 
the measuring device operating in either clockwise or anti-clockwise rotation 
the machine practical for mounting and measuring under practically any condition 
This Productimeter operates at a speed of from 400 to 600 feet per minute depending on the 
style required and measures wire or other similar materials of from .005 to one-half incl 
thickness 

















ire "01 1 ee ee 1 
le Manufacturers of wire, rope, cable, cord; trimming and small leather belting —wholesal 

electrical supply distributors and jobbers—hardware distributors ntractor dealers, a 
ys, 1 
of will find important uses for this new wire measuring me 
. Pulsation Shock 

Absorber 
(Meriam Co.) 
HE new improved, all welded puls .ock absorber is 





claimed to be a simple, yet effective, devi 
the unsteady reading so often met with where pressure or vacuun 
gages are connected to pipe lines carry 
a pulsating flow. The pulsation is 
where the liquid sets up “hammer action,” 
tical to install large air receivers on 


iC 
te 




















; The trouble may be cured, how 
abosrber in the small line leading t 
pressure from the line is forced t 
tubing within the compressor 
“air receiver’ action, combined 
the tubing, absorbs the fluctu 
and gives the true line pressur 
act The pulsation shock absorber is only 7” high, there are n¢ 
- moving parts, and all joints are welded to prevent leakage 
These absorbers are designed for line pressures up to 10,000 lbs 
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Directional Gyro 
(Sperry Gyroscope Co., Inc.) 


HE lirectional gyro is an airplane navigating instrument for indicating to the pilot the 
his p'ane. It has no meridian seeking properties and Aa must 

checked and re-set in accordance with the heading as given by the magneti 
- 


magnetic compass it does not Oscillate on turns or 1 





n rough air. 

if used in connection with the Sperry horizon, the directional gyro allows a pilot to perforn 
all essen tial maneuvers without exterior visit 
accurate index of turn for flight 





, ~ he 116 > smely 
lity It can also be used as an extremely 
purposes 





The determination and maintenance of the heading of an 





always been one 
the most difficult pro bl slems of flying. Due t 
the low directive force of the earth’s field, the 
magnetic compass can only be relied upor 
when the airplane is steady in the air, not 
only directionally but also with respect t 
disturbances produced by rough air. 

In general, the practice with the magneti 
compass is to steady the airplane near the 
desired compass heading, wait until the com 
pass card has come to rest, and then attempt 
to correct for any discrepancy. This { 
cedure involves exterior marks or the use 
of some gyroscopic turn index; for magnetic 
compass oscillations will not dampen out as 
long as the airplane is moving in azimuth 


if 
is 





If the magnetic compass could be held 


on its azimuth without swinging or oscilla 
tion, the problem would be simple, and 

desired course could be picked up and mair 
tained simply by keeping the lubber line 














ypposite the desired heading. For 
practical purposes, the directional gyr 
allows this method of course keeping and flying to be _ yyed. It therefore combines the 


most desirable qualities of both a flight and a navigational instrument 

In appearance, the directional gyro resembles a vertical card magnetic compass intended f 
instrument board mounting t consists of a case wit a round winc lo W, through hicks 4 
compass card may be seen. The window is mounted flush with the instrument board, and 
directly below it is located a setting knob. The card appears at the top of the window, s 
that when mounted directly below the Sperry horizon, the eye will have the shortest distance 
to travel between the two instruments 

Inside the case, and encircled by the card, is an air driven gyroscope with its axis horizontal 
operated by suction from a venturi. It is supported in gimbals so that the airplane may turt 
freely around it in azimuth. Sufficient angular freedom is available in other directions s 
that the gyro may remain horizontal irrespective of normal bank or pitch variations of th 
plane. 

When the setting knob referred to above is pushed in, it engages a gear on the azimuth 
circle and at the same time cages the gyro and holds it horizontal. Turning the knob wil 
turn the compass card until it indicates the desired compass course. When the setting knot 
is released the gyroscope remains with its azimuth in the position at which it was set. 





With the airplane in flight, the magnetic compass is steadied until it has ceased oscillating 
on any arbitrary reading of the directional gyro. The setting knob is then used to make the 
directional gyro correspond to the desired magnetic compass course or known geographical 
heading. 

In practice it is to be used exactly as a compass which rough air and violent turns cannot 

affect in any way whatsoever. The directional gyro will maintain any setting with an ac 

curacy of within three degrees of arc in fifteen minutes of time. At approximately fiftee 

minutes to one-half hour intervals it should be checked against the compass and reset if it 
1 off 


has drifted off. 
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° 
Di Reading Time Meter 
irect g t 
HE actual total operating time of any electric equipment using alternating current is 
shown by a time meter introduced by the General Electric Company. Within the meter 
is a synchronous motor, like that used in a G. E. Telechron clock, which operates while the 
oe circuit of the equipment is closed. This motor, through suitable gearing, drives a cyclo 
“ meter five-digit counter, arranged to read in 
“ either hours or minutes 
Such a meter is especially valuable in 
mn checking piece-rate operation, particularly 
ly when idle-time credit is allowed in com 
puting wages. A weekly reading of the 
O meter shows how many hours the machine 
ti was in operation, and hence, by deduction, 
he the number of idle hours 
or Other applications to which the meter has 
ot been applied include checking on the amount 
t of time electric refrigerator mechanisms are 
in operation, and in making life tests of radio 
tic and other tubes, incandescent lamps, et¢ 
he The meter is supplied on a pedestal for 
m portable use, or with a threaded connection 
\pt for permanent mounting on conduit. The 
ro meters are available for 110, 220 or 440 volts, 
Ise and for 25, 50 or 60 cycles; but no one device 
tic has more than one voltage or freque 
as rating 
eld >— see 
lla 
" . 5 ° 
in New Indicator Speeds Packing 
ine 
rT (Toledo Scale Company) 
yrO 
the a a — si 





he TOLEDO 


the 
ical 


\not HE hand set indicator speeds up predetermined weighing operations. This indicator 

ac is set at the desired mark on the pound and ounce chart. As the scale hand approaches 

een the desired weight, it is easy to ascertain at just what point the filling operation should cease 

if it This indicator was designed primarily for use on the Computagram. It is flush with the 
scale hand, which gives finer accuracy. It is easily and quickly moved to any position on the 
scale chart. With this indicator attachment, it is possible to transform this straight weighing 
Toledo Scale into a double utility scale for packaging predetermined quantities. It may be 
used in any packaging or filling operation where exact weight is essential. 
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New Light-Sensitive Cell 


(Burgess Battery Company) 


M! Ct nN written and s in recent years regarding light-sensitive or pl 
A ect Wonderful things have been predicted through their use in industry 
hat assed throug 
g ght sensitivity t 4 > 1 costl; 
Ar > g eSé 











King r 
cor t wh 
g Du rable an r 
9 ssi r = Ir ° 
ire r r + } y u 
t pe g > Ir x r 
For 








Ext re ae har Zz w licht-sensiti : T 
r rough | Each bridg 1X1 ge rating 
I f the s rd bridge | 715 For greatest se 
rt r r portior If a shar 
rea g | 9: The li ridg 
IT r1orati ge whet It r 
] S D.C. bridg t r e the 5 c 
g r t r A ct 








1€ ligt t-s I 8 cne ridge consists OT an ena Tt COa gy 
ived from selenium. The coating is carefully prepared, applied, heat-treat 1 ag 
While the light-sensitive properties of the element selenium have | i - caanier 
> he ma attempts ly it ght-sensiti iV 1 desir 
uined for British s to de re x torr S l in wh 
material is spr glass f g interlocked g s, in 
g. The yer ght-sensi ri ike g of 
S ge. Ther : sever s muc 
> +} g res 9g r sa r 













































. t deteri even aft ¥ Sel 
er with the ass t ¢ ¢ 
eping with Ameri ract \ {2 t 
vy off tl ridge 17 t cit B hatter T 
at f energy for light work. | t t 
isat lephone type relay provi | 
In Great Britain and Germany, the bridge a ssociat ] ent have | t 
irglar alarms, fire alarms, street lighting trol, motor car parking lights, f tector 
itomatic counting, color matching, railway st ystems rposes. Itt : 
the inventive genius of American engi s and ex menters t t tl : ‘ ; 
vork in bringing about a practical light-control era v if tanh 
istrial, social and community life 
>—r 
> . a 
_ 
New Micrometer Microscope 
(R. Y. Ferner Company) 
wn as model 281-D. It n be used for checking the prof 
reads, or for measurements of fine wires, textile fiber ian 
for the manufacture of ra’ nee 
his instrument is of a highly improved t The screw na f 
1 is cut and checked with the highest precision. It is fitted ar 
The thrust bearing of the screw is saa ‘ f 
* nd ins rate working of tl mine 4 int ad ‘ 
liminate that re 
‘ This permits placingjthe eyepiece over the center of the part of the field in which the mea 
irements are made, to further reduce any d n of the 11 which 1s | rrect 
by the achromatic lenses of the eyepiece The fo using of the eyepiece is 1 eas 
use of a spiral groove in the fitting and a pin working in it so that ar irate focusing f 
% be had readily by an easy rotation of the ocular 
si The microscope tube just below the micrometer box is fitted wit! lar cut Irat 
‘a to the right length*to give the exact screw value of .005 inch or 0.1 mm. per revoluti 
he makes it possible to dismantle the microscope without danger of losing the original call 
“h Below this collar a focusing ring having a fine screw thread is supplied, by which tl 
mm microscope can be raised and lowered in its support to focus it the of t 
sa upon. This adiustment, when made, can then be locke 
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New Steam Trap 
(C. J. Tagliabue Mfg. Co.) 
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there are. for instance, reversible as well as renewable Monel seats and discs—two for one 

in every TAG trap. Simply by unscrewing and reversing the seat the outlet en 1 becomes 
new seat. Merely by inverting the disc, the reverse, extra disc 1s Drought into play. 

” ] al) —5// lve Nin re 

pany has concentrated on one size—1 ras the full 5; valve opening assures 

, ; ; 1 f + . : om Mine ginkee sane 

mple capacity and permits of easy interchangea n every steam line. Thus only one 

set ement parts is required for any application within the capacity of th TAG trap 
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Micrometer Water Level 


and Pressure Gage 
(C. F. Casella & Co., Ltd.) 





HE instrument illustrated herewith was produced wit! 
the object of providing a gage, the accuracy of whic! 
be relied on to within +! in. head of water and whi 
is capable of being used for all pressures likely to be et 
countered in normal practice or for taking levels to a degree 
of refinement hitherto impossible. The gage has alrea 
been used for the measurement of pressures 1N gas mal! 


and flues, air flow in wind channels—in connection witl 
suitable Pitot tubes——and pressures given by blowers at 
ventilating fans. In addition to uses of this kind the 


instrument can be emp! yed very simply to measure 











the depth of water in tanks, for exar luring engine test 
or to determine the daily or hourly evaporation from larg 
water surfaces, such as tanks, lakes or reservoirs. A smal 
modification of the apparatus enables it to be used for taki 
the levels of foundations, shafting, rails, or for any 1 
purpose requiring an accuracy of tl rder stated above 














It can also be used to e the deflectior 

floors, or any stru ture i stati vad 

trates an instrument arranged t easure up to 36 in. hea 
This form is fitted with a standard scale and vernier 
Fig. 2 shows a smaller instrument having a range of 0 mm. 





to 150 mm. fitted with a standard scale and microm 
drum, which is 
divided to !} 
mm. As the pre 
cision with which 
the reading point 
can be set exceeds any of the ordinary requirements 
the final accuracy depends solely on the value of the 
divided scale and vernier used to read off the differ 
ences in head of water. 

To use the instrument shown in Fig. 2 it is first 
set up level by means of the two levelling screws 
fitted to the base and the circular bubble on the top 
of the column. The index of the measuring cham- 
ber is then brought to the zero of the scale on the 
column by means of the milled head and the centre 
of the cistern approximately level with the measur- 
ing point of the chamber. Water is now poured 
into the cistern until it rises just above the point in 
the measuring chamber. On looking into the eye- 
piece and adjusting the illuminating mirror the point 
and its reflected image, greatly magnified, will be 
seen as shown at Fig. 3. This result is caused by 
the fact that the undersurface of the water acts 
as a totally reflecting plane mirror with the conse- 
quence that a very perfect definition of the measur- 
ing point is obtained. If the measuring chamber is 
raised or lowered by means of the micrometer drum 
the point can be brought to touch its reflection or, in 
other words, to the exact level of the surface of the 
water. The divided ring of the micrometer drum 
can then be turned round on its independent fitting 
to bring the zero mark opposite the fixed line o 
the base. The instrument is now set to zero and is 
ready for taking measurements 
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pressure 1n Ne 





will then be the readi 





Mirror 
the 10K 
i the amount 
sh micr meter 
Irum. If a difference 1 
pressure of 
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New Recording Demand Watthour 
Meter 


(Westinghouse Elec. & Mfg. Co.) 











HE Type RB recording-demand watth cates on a four ter the tot 
kilowatt-hours consur rds or integrat in kilowatts t 
successive, predetermined interv 
: 
This meter consists of a watthour meter register containing gear 
tegrating counters 
advance across the 
Reelin whe |b 
° ; ; 
during the interval 
: 
set end of 
yutoN rele 
ee TS ee 
mec s 1d sWI1 





positior 





where it 1s 

gear train ready to advance during the next 
1s released 
rd paper 


AiSsurINg 

















. 
1S Vol 
In this manner, a record of kilowatt de 
: a eGdtas of” Bente isnt 
ma aken at periods of desired length 
isu between 5 and 60 minutes) is 
btained 
A small synchronous motor serves both 
to determine the time intervals and to furnish 





1 the chart. During the 





l, this motor stores energy in 4a 
. : 
he time interval! 


the chart and resetting 
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“he complete meter element is fastened to a one-piece, cast-iron frame so that the element 
may be removed from the base without disturbing the ibration or t ition of 
iny of the meter’s parts. A molded-glass cover makes the appearar lit 
for switchboard applications. The meter is relatively small and re ee tor 
mounting 

It is installed like an ordinary watthour meter because it is entirely self-cont 
requires no additional apparatus or wiring except when used with instrument transformers 


A Machine That Throws Out Bad 


Beans 


LECTRICITY, already the donor of many useful and helpful gifts to agriculture, |} 


produced a robot servant for the bean growers. This is a bean sorting machine, desig: 
the firm of Hammerslag and Tinkham of Grand Rapids in association with the Gener 
Electric Company, to look over navy beans and throw out all those which not meet t} 


required standard of whiteness 
Brown or otherwise discolored beans are considered a poor grade of the bean crop, and t 
sort them from the white ones has always been an expensive at 
nly are many such beans actually bad but there is also a psycholo 
beans. Asa result the new machine is expected to be of great val 
By means of the photo-electric tube, an electric eye which ts se 
the machine inspects the beans one by one as they pass 








is white beans pass in review the eye of the machine 1s ur ed; such beans pass muster at 
proceed to the packing operation. But the appearance of a dark bean sets up a verital 
electronic storm—a relay clicks and a metal finger rea s out, deflects the | | causes tt 


to drop into a separate container 
In operation, beans to be sorted are fed into a hopper on tl 
hopper is a drum with a number of small apertures around 
stant suction drawing air through the holes. Beans are thu 
around on the edge of the drum. On their way to the 
patter’’ which adjusts them to the correct position s 
The viewing chamber in which the electric eye watches t 
tense light falls on each bean as it passes in front of the photo-el 
drum moves in small jumps, pausing a moment between jumps, and th 
juring which each bean rests in front of the sorting eye without m 
iny shadows from interfering with the accuracy of the device 


a, 


’ 
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( I tions are normal wher White Dear 1US¢é etore the photo-electric tu the Dear 
asses on to be dropped into the receptacle for perfect beans. But when ad stops 11 
nt passed by this tube is materially dimir 1. This 
‘of amplifier tubes and is used to “trip” a thyratror 
The thyratron is likewise a I f 
tas i high v icuum tube It acts is 
flick the bean from its place 
nt eceptacle holding or 
Jevice is expected to be mad 
ration formed to introduce the 
be built near the bean district whicl 
*lectric bean sorters. It is estimated that such a quar 
irload (approximately 40,000 pounds) of beansa day 
ome 


Rubber Conveyors are Synchronized 
by Thyratron Tubes 


A CONSIDERABLE reduction in wastage and an important simplification of operatior 
ire among the results of the application of Thyratron tubes to the synchronizing of 


rubber conveyors by the B. F. Goodrich Company. Conveyors are used in much of the pr 


cessing work in a rubber factory, and it is important that the speeds of the various conveyors 
in a chain are synchronized 

The speed of the synchronized group is usually determined by the speed of the material 
entering one conveyor. The speeds have heretofore been controlled manually, but the re 





sults were unsatisfactory as a very slight disagreement in speeds might be the cause of a high 


percentage of waste material 































t 
Process 
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a ry ’ ( 
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y | 
' i ’ 
mall bn cain 
— Speed 
Reducer Loncenseemenel 
Thyratron Thy reTren 
Contre Control 
With the aid of General Electric engineers, the B. F. Goodrich Company was able to install 
equipment using Thyratron tubes which synchronized the conveyor speeds satisfactorily 


The arrangement, which is similar to others made for different applications by the General 
Electric Company, is as follows: 
The first conveyor, or the one receiving the original supply of material, is driven at a fixe 


rate of speed, depending on the material in question, and the other conveyors are synchronized 
with this key conveyor. The material, as it passes along, dips slightly between any tw 


conveyors. In each of these dips rides a wheel attached toa balanced lever mechanism. The 


lever mechanism, at its other end, governs the movement of the coreinareactor. Variations 


in the reactiance of the reactor (governed by the position of the core) control the output v 
tage of a pair of Thyratrons in the circuit of the motor driving the conveyor whose speed it 1 


desired to govern 

By this arrangement, when a conveyor is running too fast for the preceding one, the slack 
material between them tightens, the rider wheel rises, the position of the core in the reactor 
is changed, the Thyratron tubes pass more current and to the motor field the motor slows 
down. Conversely, when the conveyor is running too slow, the reactor core moves the other 
way causing the Thyratron tubes to pass more current and the motor speeds up. Asa result 


the tension between conveyors keeps the speeds in synchronism 
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’ 
(Lincoln Meter Company, Inc.) 
HE thermal converter is an electrical instrument in which, by means 
: predetermined and accurately adjusted direct current potential is ‘ 
D juantity of power in an alternating current circuit to which the instrument is 


The thermal converter is used for totalizing either remote or local electric syste 



































The direct current circuits of two or more thermal converters may be connected in serie 
I The total direct current E.M.F. that is developed in this series circuit is applied to a Le 
i ind Northrup potentiometer which recor 
graphically the total load in the systems t 
which the several thermal nverters 
mnecte I ert S 
connecte t 4 mmo! | tilomet 
1 recorder; or, the converters may 
into groups, and connected to severa 
verters that are in turn connected to a grat 
total recorder The nverters 
2 widely separated from each other th 
$ potentiometer may be at a nsid e 
distance from at t f tl rt 
“a The thermal converter is constru 
that the direct current E.M.} 
when 1 kilowatt is applied to the alternati 
i urrent circuit of the converter will be some 
sh definite potential, which m le 
between approximately 5 i 3 al 4( 
g. 1 millivolts. Since the millivolt output may 
be set at any desired amount two or more converters which are connected to the same recor 
ing potentiometer do not necessarily have to be connected to instrument transf rmers ot 
identical ratios. For example, two thermal converters might be used, one of which wu 
connected to a current transformer having a ratio of 200 to 5, and the other t trar , 
having a ratio of 100 to 5. By using converters such that the first developed 20 n ts 
2 D.C. and the other developed 10 millivolts D.C. per kilowatt input, correct totalizing 
be obtained 
Fig. 2 is a schematic diagram of a single 
| —_—«— i —_— phase thermal converter The potentia 
= 7 coil of the converter is a transformer whose 
SB primary is connected across the line or t 
WW a GO] potential transformers, and whose secondary 
< =E i<| winding is connected in series with the 
oll - oe | 1 
= i heaters as shown in the Nagran There 
£S fore, a low voltage circulating current, whicl 
: we shall term “E,” proportional to the 
| ® | ge of the line is set up. This is indicated 


= 
oa 
= 


4 
yy the arrows marked “E 


rent is connected to the center tap of the 


| (DELIVERED nem | 
D.C. VOLTAGE 








“ey | PROPORTIONAL TO LOAD low voltage secondary. Since the impedance 
od of the two paths from this center tap to the 

Fig. 2 load is the same, one-half of the line current 
= ‘Tl’ will take the path through the upper heater in the same direction as the circulatir 
a current “E,”’ and one-half of the line current will take the path through the lower heater 
on in the opposite direction to the circulating current “E.” 
rhe The currents in the upper and lower heaters are (E+ !9l ind I 
ides The heat generated in the heaters is proportional to the squares of these t t 
ee shown algebraically that the difference in heat between the two heaters is directly proport 
og al to the power in the lir e to which the converter is connected 

(E+ Wl E ly | 

ed (E? + El + 41 E? EI + 4! EI 
oor which is proportional to power. 
ies The thermocouples shown in the diagram have one set of junctions adjacent to one heater 
vs and the other set adjacent to the other heater. Therefore, they develop a direct rent 
ult E.M.F. proportional to the difference in heat between the two heaters, and therefore, in 


proportion to power 
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Su t irrents “'f I” add vectorially, the heating effect w 
power factor int nsideratior 
Of rse, there are tw 1ese single phase elements in a polyphase converter, with the 
thern iple circuits in seri eding the direct current output terminals. The complet 
thern e circuit 201 lt polyphase converter has about 30 ohms resistance 
>—2or- 


Vacuum Thermocouples for Measur- 
ing Weak Alternating Currents. 
(P. J. Kipp & Zonen) 





uum thermocouples in -bridge connection is shown in Fig. 1. Vacuun 

uples a ind dea f a strip of constantan and manganin, 1 

10 mn y 0.2 mn 1d G is a galvanometer. The resistances of ths 

thern iples are in eq i! ne bridge arrangement. The total resistane 
is al t 25 hms 


> \4 


" d oH 
+ * a i] 
4 
© - Oc oO 
™ c 
> Sp 
rs { 4 
i a,€ 
I l SG 
I 2 
An AC. of 1 milliamp. generates an EMF of 22.5 microvolt and causes a deflection of 5 


mm at 1 meter with a Moll galvanometer. Using a 


galvanometer type Zc one attains 
deflection of 500 mm. The 4 thermocouples are protected against outer disturbances by a 
louble walled metal cover. The instrument can be calibrated with direct current and be 
loaded up to100mA. It is supplied in the form illustrated in Fig. 3 
Fig. 2 is the diagram for single vacuum thermocouple. “‘a’’ is a vacuum thermocouple 
resistance about 25 ohms) of the same metals and dimensions as the couples mentioned above; 


is a condenser and c a choke coil 





Pig 


An AC. of 1 milliamp. generates an EMF of 11 microvolts and J 


it ind Causes a leflection of 25 
mm at 1 meter with a Moll galvanometer, or of 250 mm with a galvanometer type Zc The 
instrument cannot be calibrated with direct current. It can be loaded up to 50 milliamps and 
is also supplied in the form as showt 


The Moll galvanometer has a resistance 


t of 50 Ohms and a sensitivity of 6x 10-9 amp. for 
1 mm at 1 meter scale distance The Zc galvanometer has a resistance of 15 Ohms and 
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RAWSON MULTIMETERS 
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Liquid Level 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Illinois Testing Lebs., Inc 

Tagliabue Mig. Co., C. J 

Taylor Instrument Companies 


August, 193! 
ries i ee a dae 


Loss of Head 
Bristol Co : 
Brown Instrument Co 
Foxboro Co 

Pitch Diameter 
Federal Products Corp 
R. Y. Ferner Co 


Pocket P 
Amthor Testing Inst. Co 
Federal Products Corp. 


Pressure 
Bristol Company 
Brown Instrument Co 
Foxboro Co. i 
Leeds & Northrup Co 
Alfred Suter ? 
Tagliabue Mfg. Co., C. J 


Taylor Instrument Companies 





Pressure-Temperature 
Bristol Company _ 
Brown Instrument Co 
Foxboro Co. 
Illinois Testing Labs., Inc 
Leeds & Northrup C ®. 
Tagliabue Mfg. Co., J 
Taylor Instrument Cos 


Pressure & Vacuum 
Bristol Company _ 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 


Taylor Instrument Companies 


Profile 
Bausch & Lomb Optical Co 
Rain 
Taylor Instrument Companies 
Recording—Distance 
bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 
Strain P 
Southwark Fdry. & Mach. Co 
Alfred Suter 
Tester : 
Southwark Fdry. & Mach. Co. 
Thickness 
B. C. Ames Co 
Amthor Testing Inst. Co 
Federal Products Corp 
R. Y. Ferner Co. 
Volume 
Brown Instrument Co. 
Foxboro Co. 
Water Level tor Boilers 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Wind 
Bristol Co. E 
Brown Instrument Co 
Taylor Instrument Companies 
GALVANOMETERS 
Brown Instrument Co 
General Radio Co 
Iinois Testing Labs., Inc. _ 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Kawson Elec. Inst. Co 
Rubicon Company 
Weston Electrical Inst. Corp 
GAS ANALYTICAL METERS 


Chemical 

Tagliabue Mfg. Co., 
Electrical 

Brown Instrument Co 

Leeds & Northrup Co. 
GAS LEAK INDICATORS 

Taylor Instrument Companies 
GASOLINE METERS 

Buffalo Meter Co. 
GAS-METERS 

Brown Instrument Co. 

Foxboro Co. 


God 
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GASOMETERS 
GEOPHYSICAL 
INSTRUMENTS 
GOVERNORS 
Laboratory Dry & Wet Gas 
Pressure 
Bristol Company 
Brown Instrument Co 
Tagliabue Mfg. Co., C. J. 


ump : 
Tagliabue Mfg. Co., C. J 
GLASS STRAIN TESTERS 
GREASE TESTING APPARA- 
TUS 


Tagliabue Mfg. Co., C. J 
GROUND DETECTORS 

Leeds & Northrup Co 

Rubicon Company 


Weston Electrical Inst. Cort 
GROUND-OHMER 
Leeds & Northrun Co 
GYPSUM _ TESTING INSTRU- 
MENTS 


Alfred Suter 

HARDNESS TESTERS 
Southwark Fdry. & Mach. Co 
Alfred Suter 

HARMONIC ANALYZERS 
Leeds & Northrup Co. 

HELIOSTATS > 
Gaertner Scientific Corp 


HIGH FREQUENCY APPA- 
RATUS 


Rubicon Company 
Weston Elec. Inst. Corp 
HIGH VOLTAGE 
Fuses 
Indicators 
Weston Elec. Inst. Corp 
Measuring Devices 
Weston Elec. Inst. Corp 
Testing Devices 
HUMIDITY CONTROLLERS 
Bristol Company 
Foxboro Co 
Taylor Instrument Cos 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Leeds & Northrup me. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicating : 
Leeds & Northrup Co 
Rubicon Company 
Controlling, Recording 
Leeds & Northrup Co 
HYDROMETERS _ i 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
HYGROMETERS 
Brown Instrument Co 
Foxboro Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
IMPACT HARDNESS TESTER 
Alfred Suter 
IMPACT TESTING MACHINES 
Alfred Suter 
Alternating 
INDICATORS—See Gages 
INDUCTANCES 


General Radio Co. _ 
Leeds & Northrup Co 
Rubicon Company 


INSTRUMENT CALIBRATION 
AND REPAIRS 
Amthor Testing Inst. Co 
Jewell Electrical Instrument Co 
Rubicon Company 
Weston Elec. Inst. Corp. 
INSTRUMENT FUSES 
INSTRUMENT OILS 


INSTRUMENT TRANSFORM- 
ERS 


Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 


INSULATION TESTING EQUIP- 
MENT 


Leeds & Northrup Co 
Rubicon Company 


INTEGRAPHS & INTEGRA- 
TORS 


Leeds & Northrup Co 
INTERFEROMETERS 
Geertner Scientific Corp 
INVERTED CONVERTERS 
Bodine Electric Co. 
JOB TIMING RECORDERS 
KEYS AND SWITCHES 
General Radio Co 
Leeds & Northrup Co 
Rubicon Company 
KILNBOY 
Foxboro Co 
KILOVOLT AMPERE METERS 
KLYDONOGRAPHS 


LABORATORY WASHING 
MACHINES 
Atlas Electric Devices Co 
LACTOMETERS 
Tagliabue Mfg. Co., C. J 
ay!or Instrument Cos 


LAUNODER- OMETER 


tlas Electric Devices 
LENGTH MEASURING MA- 
CHINES 
R. Y. Ferner Co 
Gaertner Scientific Corr 
LEVELS 
Centering 


Bausch & Lomb Optica! Co 
R. Y. Ferner Co 
Engineer's, Wye, Precision, Prism 
Rk. Y erner Co 
Taylor Instrument Companies 


LIQUID METERS 


BuHalo Meter Co 
LOCOMOTIVE INDICATORS 
outhwark Fdry. & Mach. ‘ 


LUSTER METERS 
MACHINE OILS 
MAGNETOMETERS 
Rubicon Company 
MANOMETERS 
Brown Instrument Co 
tender Automat 


Foxboro Co 
Altred Suter 
MASTER CLOCKS 
Geertner Scientific Corp 
MEGOHMMETERS 
Illinois Testing Labs., Inc 
Leeds & Northrup Co 
Rubicon Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co. 
Weston Electrical Inst. Corr 
MELTINGPOINT APPARATUS 
burge s-Parr Co 
lealiebue Mfg. Co., C. J 
METER PROVERS, Gas 
METER TESTERS, Gas 
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MICROMETERS 
Amthor Testing Inst. Co 
R. Y. Ferner Cc 
Gaertner Scientific Corp 


MICROAMMETERS 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 


MICROFARADMETERS 
General Radio Co 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical Inst. Corp 


MICRO PYROMETERS 


MICROSCOPES 


Brinell 
Bausch & Lomb ‘ tical Co 
Geertner Scientihc Corr 
Alfred Suter 
Measuring 
R. Y. Ferner Cx 
Metallographic 
Bausch & Lomb Optica! Co 
Petrograephical 
Beusch & Lomb Optica! Co 
Toolmakers’ * 
Bausch & Lomb Optica! Co 
Geertner dcientinc Corp. 


MICROTOMES 


Bausch & Lomb Optical Co 


MILLIAMMETERS 
General Radio Co 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 


MILLIVOLTMETERS 
Bristol! Compeny 
Brown Instrument Co 


Iinois Testing Lebs., Inc 


Jewell Clectrice! Instrument _o 
Kawson Clectrice! instrument Co 
Taylor Instrument Companies 


Weston tlectrica! inst. Corp 


MOTOR RADIATOR VALVES 


Minneepolis-Honeywell Co 
MOTION RECORDERS 


Mechanical 


MOTORS ; 
Bodine Electric Co 
MOTOR GENERATOR SETS 
Bodine Electric Co 


MULTIMETERS 


Kawson Clectrica! instrument Co 
MULTIPLIERS 

ewe! Clectrice! instrument Lo 

Leeds & Northrup Cc 

Weston Electrical Inst. Corp 
NEON FILLED TUBES 
NEPHELOMETERS 
OHM METERS 

General Kecio Co 

ument Co 


OILS 

OIL METERS 
Bufelo Meter 

Ol TESTING APPARATUS 


Atlas tlectric Devices 


Lo 


Lo 
° .. 
t{Llompenies 


OPERATION RECORDERS 


Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co : 
Leeds & Northrup ¢ : 
Tagliabue Mfg. Co J 

ORIFICE METERS | 
Brown Instrument Co 
Foxboro Co 

ORSAT APPARA7US 

OSCILLOGRAPHS 


Genera! Radio Co 
OXYGEN RECORDERS 
Leeds & Northrup Co 
Tagliabue Mfg. Co.; C. J 
PAINT TESTING INSTRU- 
MENTS 


Atlas Electric Devices Co 
PANTOGRAPHS  _ 
Geertner Scientific Corp 


PAPER TESTING INSTRU- 
MENTS 


Atles Electric Devices Co 
PERFORMANCE METER 
PERMEAMETERS 

Leeds & Northrup Co 

Rubicon Company 
PAPERTESTINGINSTRUMENTS 

Amthor Testing Inst. Co 
PERISCOPES . 

Bausch & Lomb Optical Co 

Geertner Scientific Corp 
PHASE INDICATOR 
PHASE SEQUENCE INDICA- 

TOR 
PHONOGRAPH TURN- 
TABLES, Electric 
Bodine Electric Co 
PHOTOELECTRIC COLOR 
ANALYZERS 
PHOTOELECTRIC COLOR 
COMPARATOR 
PHOTO-ELECTRIC TUBES 
PHOTOMETERS 

Geertner ocientih 

Beusch & Lomb Optice! Co 

Leeds & Northru 
PHYSICAL TESTING MA- 

CHIN 


c Lore 


plo 


PITOT TUBE METER 
Brown Instrument Co 
>ro Co 
PLANIMETERS 
Automatic Flow Record 


Brown instru 


Foxboro 


Foxboro Co 
Square Root 
Foxboro Lo 
POLARISCOPES 
Geertner Scientific Corp 
POSITION RECORDERS 


Sristo! Compeny 


ee pe DETECTORS 


Leeds & Northr 
POTENTIOMETERS ~Indicating 


Brown Instrument Co 


up Lo 


Recording & Controlling 
Leeds & Northrup Co 
POWER FACTOR METERS 
Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 


POWER FACTOR REGULA- 
TORS 
PRESSURE RECORDERS 


Bristol Co 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos 
PROCESS TIMING AND SIG- 
NALING INSTRUMENTS 
Bristol Company 
PROGRAM INSTRUMENTS 
Automatic Temp. Control Co 
Leeds & Northrup Co 


PROJECTION LANTERNS 
Bausch & Lomb Optical Co 
PROTRACTOR 
Optical : 
Bausch & Lomb Opticai Co 
PSYCHROMETER 
Recording 
Bristol Company 
Foxboro Co : 
Leeds & Northrup Co 
Tagliabue Mfg. Co., ¢ 
Taylor Instrument Companies 
Sling : 
Taylor Instrument Companies 
PYROMETERS 
Optical ; 
Leeds & Northrup Co 
Radiation 
Indicating 
Brown Instrument C 
Leeds & Northrup Ee. 
Taylor Instrument Companies 
Recording 
Brown instrument 
Leeds & Northrup Co 


r 


Lo 


Taylor Instrument Companie 
Thermo-electric 
Immersion 


Bristol Company _ 
Brown Instrument Co 
illinois Testing Lebs., Inc 
Leeds & Northrup Co 
Taylor Instrument Compan: 
Indicating 
Bristoi Company 
Brown Instrument Co 
lilinois Testing Labs., inc 
Leeds & Northrup Co 
Taylor Instrument Compenie 
Recording and Controlling 
Bristol Company 
Brown mst rument Lo 
Leeds & Northrup Co 
leyior instrument Compen es 
Surtace Contect 
BSristo! Lompeny 
Brown instrument Co 
illinois Testing Lebs., inc 
Leec s & Nort hrup —o 
Taylor Instrument Compenies 


RADIO FREQUENCY OSCIL- 
LATORS _ 
General Redio Company 
Jewell Electrical Inst. Co 


RADIO SET ANALYZERS 
General Redio Company __ 
Jewell Electrica! instrument Co 
Weston Electrice! Inst. Corp 

RADIO TUBE CHECKERS 
Genera! Radio Company 
Jewell Electrica! Instr 
Weston Clectrice! inst 
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RADIO TEST PANEL 

Jewell Electrical Instrument Co. 

Rubicon Company 

Weston Electrical Inst. Corp. 
REFRACTOMETERS 

Bausch & Lomb Optical Co. 
REGULATORS—See Controls 
RELAYS 

General Radio Co 

Jewell Electrical Instrument Co. 

Minneapolis-Honeywell Co 

Weston Electrical Inst. Corp 


REMOSE METERING EQUIP- 
MENT 


Bristol] Company 
Brown Instrument Co 
Leeds & Northrup Co. 
RESISTANCE—€lectrical 
General Radio Co. _ 
Leeds & Northrup Co. 
Rubicon Company 
RHEOSTATS 
General Radio Co 
Rubicon Company 
ROTOSCOPE 
RUBBER TESTING’ INSTRU- 
MENTS 
SACCHARIMETERS 
Bausch & Lomb Optical Co. 
Tavior Instrument Companies 
SACCHAROMETERS 
Tagliabue Mfg. Co., C. J. 
SALINITY INDICATORS 
Leeds & Northrup Co 
Rubicon Company 
SCALES 
Amthor Testing Instrument Co. 
Gaertner Scientific Corp. 
Alfred Suter 
SCRATCH HARDNESS TESTER 
ans 


. Ferner Co 
anae RECORDERS 
SHUNT METERS 
Bristol 
SHUNTS 
Jewell Electrica! Instrument Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 
SIGNALING DEVICES—Auto- 
matic 
Brown Instrument Co 
Leeds & Northrup Co 
Rubicon Company 
SLIDE RULES 
SLOW SPEED MOTORS 
Bodine Electric Co. 
SMOKE INDICATORS & RE- 
CORDERS 
Leeds & Northrup Co. 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Amthor Testing Inst. Co 


Burgess-Parr Co 
SPECIAL, ELECTRICAL INSTRU- 


Atlas eee Devices Co 
Bristol 

Brown instrument Co. 

General Radio 

Illinois Testing Labs., Inc. 
Jewell! Electrical Instrument Co 
Leeds & Northrup Co 

Rawson Electrical Instrument Co. 
Rubicon Company 

Weston Electrical Inst. Corp 


SPECIAL RECORDING DE- 


VICES 
et GRAVITY APPARA- 
US—Gas 


al aay wnt age 
Ferner Co 
oon Scientific Corp 
SPECTROSCOPES 
Bausch & Lomb Optical Co 
R. Y. Ferner Co 
Gaertner Scientific Corp 
SPECTROPHOTOMETERS 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Amthor Testing Inst. Co 
Brown Instrument Co. 
Leeds & Northrup Co 
STANDARD CELLS 
Weston Electrical Inst. Corp 
STEEL TAPES 
STOP WATCHES 
R. Y. Ferner Co 
STRAIN GAGE 
Southwark Fdry. & Mach. Co 
Alfred Suter 
STRESS INDICATOR 
STROBOSCOPES 
SULPHUR DIOXIDE METERS 
Leeds & Northrup Co 
Taglisbue Mfg. Co., C. J 
SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co 
Tagliabue Mfg. Co., C. J 
SUNSHINE RECORDERS 
Leeds & Northrup Co 
Taylor Instrument Companies 
SURGE RECORDERS 
SYNCHRONIZING 
Electrical 
General Radio Co 
Leeds & Northrup Co 
SYNCHRONOUS alas 
Bodine Electric Co 
TACHOSCOPES 
Amthor Testing Inst. Co 
Brown Instrument Co. 


TACHOMETERS 
Amthor Testing Instrument Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Weston Electrical Inst. Corp 


TELESCOPES 
Bausch & Lomb Optical Co 
R. Y. Ferner Co 
Gaertner Scientific Corp 
TENSILE TESTERS FOR PAPER 
WIRE, SHEETS, ETC. 
Amthor Testing Instrument Co 
Alfred Suter 
a eer anew F (Huggenberger) 
Southwark Fdry. & Mach. Co 
TESTERS, Gas 
TESTING MACHINE 
Portable—Tensile—Compression 
Southwark Fdry. & Mach. Co 
Universal 
Amthor Testing Inst. Co 
Southwark Fdry. & Mach. Co 
A. Suter 
TEXTILE TESTING IN- 
STRUMENTS 
Atlas Electric Devices Co 
A. Suter 
THEODOLITES 
THERMO-JUNCTIONS Electric 


General Radio C« 
awson Electrical Instrume 


FORKS— 


THERMOMETERS 
Gas Filled 


Bristol Company 

Brown Instrument Co 

Foxboro Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Mechanical 

Brown Instrument Co 

Foxboro Co 


Tagliabue Mfg. Co., C. J 
Mercurial 

Bristol Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Resistance 


Brown Instrument Co 

Illinois Testing Labs., Inc. 

Leeds & Northrup Co 
Vapor-iension 

Bristol Company 

Brown Instrument 

Foxboro Co 

Tagliabue Mfg. Cc 

Taylor Instrument Comper 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Leeds & Northrup ¢ 

Tagliabue Mfg. Co., ¢ 

Taylor Instrument Companies 
sat sree gabe 

tol Company 

Br rown Instrument Co 

Foxboro Co 

Minneapolis-Honeywell, 

Tagliabue Mfg. Co., ¢ j 

Taylor Instrument Companie 


TIME OPERATION RECORD.- 
ERS 


¢ 


J 


Bristol Company 

Foxboro Co 

Tagliabue Mfg. Co., ¢ 
TIME RECORDERS 

Bristol Company 

Brown Instrument Co 

Geertner Scientific Corr 

Foxboro Co 
TIME SWITCHES 

Claud S. Gordon (¢ 
TIMERS 

Automatic Temp. ( 

Leeds & Northrup ¢ 

Rawson Elec. Inst. Co 

Rubicon Company 


TINTOMETER 
TORSIOGRAMH 
uthwark Fdry. & k 

TORSION MACHINES 
Alfred Suter 
eat POINT 
RECORDER 
Brown ~ r vowed Co 
Leeds & Northrup Co 
TRANSFORMERS 
Genera! Radio Co 
Weston El 
TRANSITS 
Engineer's, Surveyors, Mine 
Geertner Scientinc Corr 
Pocket 
Taylor | 
TUNING FORKS 
Driven 
neral Radio Co 
aertner Scientif 


reds & Northrup ‘ 


ectrical Inst. ¢ 


trument Companies 


Electrically 


Rubic n Company 
TURBIDIMETERS 
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U-TUBE MANOMETERS 
Amthor Test ng inst. Co 
VACUUM RECORDERS 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 


VACUUM TUBE BRIDGES 


eneral Radio Company 


VALVES 

Automatic Shut OF 
Automatic Temp. Control Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Minneapolis-Honeywell Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 


Balanced 
Automatic Temp. Control Co 
brown instrument Co 
Fe xboro Co 
Claud S. Gordon Co 


Diaphragm 
Bristol] Company 
Foxboro Cc 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Electrically Operated 
Automatic Temp. Control Co 
Bristol Company 
Brown Instrument Co 


Minneapolis-Honeywell Co 


Reducing 
Claud S. Gordon Co 
Tagliabue Mfg. Co., C. J 
Regulating - 
Automatic Temp. Control Co 
Bristol Co 
Brown Instrument Co 
Foxboro Co. : 
Ainneapolis-Honeywell Co. 
Teg iabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Safety, Fuel Shut-of 
Minneapolis-Honeywe 
Tagliabue Mfg. Co., C. J 
VENTURI METERS 
Brown Instrument Co. 
Foxboro Co 


VIBROGRAPH 


yuthwark Fdry. & Mach. Co 
VIBROSCOPE 


VISCOSIMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


VISCOSITY TUBES 


VOLTAGE DIVIDERS 
General Radio Co 
Rubicon Company 
VOLT-AMMETERS ’ 
Jewell Electrical | nstrument Co 
Weston Electrical Inst. Corp 
VOLTMETERS 


iCo 


Indicating 
General Radio Co 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 
Recording 
Bristol Company 
Leeds & Northrup Co 
Thermionic, Oxide Rectifier 
General Radio Co. 
WATER METERS 
Foxboro Co 
WATER METERS—Hot and Cold 
Buffalo Meter C 
WATER & SEDIMENT APPA.- 
US 


A 
Tagliabue Mfg. Co., C. J 
WATTHOUR METERS 


WATTMETERS 
Indicating 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 
Recording 
Bristol Company 
WAVEMETERS 
General Redio Co 
WAX MELTING APPARATUS 
Tagliabue Mfg. Co., C. J 
WEAR-OMETER 
Atlas Electric Devices Co. 
WEATHER-OMETER 


Atlas Electric Devices Co 





explain fully. 


New York 





tion has at last been realized. 


Weather-Ometer 


ce 4 , 7 ° ” 
Standarized Weathering 

long the goal of Industry and Science for the purpose of making weathering determina- 
In the accelerated cabinet of Weather-Ometer it is today 
possible to reproduce all of the effects of Sun, Rain, Cold and Heat and study their re- 
actions upon materials and organic protective coatings placed in the cabinet. 
Weather-Ometer may be adapted for any type of test upon any type of material. Let us 
Ask for Bulletin 1-8. 

By the Makers of Fade-Ometer and Launder-Ometer. 


Distributors 
Boston 


ATLAS ELECTRIC DEVICES CO. 


361 West Superior Street 


London 


Berlin 


Chicago, Illinois 














** 4Inor”™’ 
Pyro 
Lance 








surface temperatures. 
zine, aluminum and brass billets. 
forms of steels under 1500 deg. F. 


145 W. AUSTIN AVE. 


For Measuring Surface Temperatures 


Here is a new form of Pyrometer for measuring 
Ideal for bearings and for 


Furnished with or without automatic cold end 
compensator in two sizes. 


PRICES $38.00 to $66.00 
Write for Details 
ILLINOIS TESTING LABORATORIES, Ine. 
CHICAGO, ILL. 


Also certain 


U. S. A. 








When writing to 


the above companies, please mention IN 


STRUMENTS 


&. 


be 
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THE NEW 40-PAGE 
—\\ AMES DIAL GAUGE 
| CATALOGe 


Send today for the new Ames Gauge Catalog. Con- 
taining complete information about the construction, 
use and care of all types of Micrometer Dial Gauges, 
mountings, attachments, Upright Gauges, Pocket 
Gauges, Automotive Gauges, Lens Measures, Pre- 
cision Verifiers, Comparators, Gauge Repair Service 
and Replacement Parts. 


B. Cc. AM ES Co. Waltham, Mass. 
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NIAGARA METERS 


Niagara Meters measure any liquid not 
chemically destructive. Use them for 
accurate automatic measurement in 
place of gaugesticks, measuring tanks 
and other makeshift means. Eliminate 
exposure of liquids to contamination 
and fire hazard. Also for accurate keep 
ing of cost and inventory records. Send 
for complete information. 


BUFFALO METER CoO. 
2909 Main Street, Buffalo, N. Y. 
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INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information be cut out, mounted on 
cards, and filed in yourdeskorinafileboxontopofyourdesk. You willthenhave within easy reach en 
index of instrument information of incalculable value. 








Sprep AND Acceeration. M. F. BEHAR, INSTRUMENTS, Vol. 4, No. 6, August 1931, 
pages 413-444, 35 figs 


MEASUREMENT OF AIR FLOW E. OWER, INSTRUMENTS, Vol. 4, No. 8, August 1931, 





ELECTRICAL MEASUREMENTS of 
NON ELECTRICAL MAGNITUDES 


We will cooperate with reputable corporations and individuals in 
the development of new methods and apparatus for measuring var- 
ious physical quantities by electrical means. Correspondence invited. 


RUBICON COMPANY 


Makers of Precision Electrical Measuring Instruments 
29 North Sixth Street, Philadelphia, Pa. 





























= * 
Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 
















Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers + Voitage Dividers 
Attenuation Networks - String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 











Re 


LTHOUGH only recently 

introduced, the new 
Tycos Evenaction Valve has 
already gained great popu- 
larity among its users. 
Several important improyve- 
ments in valve construction 
have been incorporated in this 
Tycos Instrument. Its definite, 
smooth action gives closer con- 
trol, enabling on many applica- 
tions regulation not obtainable 
with ordinary valves. 
If you are interested in temper- 
ature or pressure control, you 
will want a folder describing the 
Tycos Evenaction Valve. Write 
for it. 


Kor Smoother Control 


laylor /nstrument Companies 


ROCHESTER, N. Y., U.S. As 


Taylor instr ume nt C mpanics 
OF ANADA, L 
TORONTO 


ee 











—=Tem, 1 Dera KE 


RECORDING 


nstruments= 


CONTROLLING 


































IRADE MA 


BRISTOL'S 





The Most Extensive Line of Recording 
Indicating and Controlling Instrument 
Equipment For The Industries 


Pressure and Vacuum Shunt Ammeters, Recording 
Pressure Gauges, Recording Wattmeters, Recording 
Pressure Gauges, Indicating Frequency Meters, Recording 


Vacuum Gauges, Recording 

Vacuum Gauges, Indicating 

Combination Pressure and Vacuum Gauges 
Recording 


Humidity 
Psychrometers, Recording 
Psychrometers, Recording Controlling 


I il 1 Speed 
y Fm iA L Tachometers, Recording 
iquid Level Gauges, Recording Tachometers, Indicating 
Liquid Level Gauges, Indicating 
Motion 


Water Level Gauges for Steam Boiler 


Indicating and Recording Mechanical Motion Recorders 


Electrical Operation Recorders 
Temperature : Control Automatic 
gore y eer ording (for temper- Control Instruments for Temperature 
atures up to 1000 'F.) Pressure, Liquid Level and Humidity 


Thermometers, Indicating (Mercurial furnished in both Electrically Operated 
p Type) ' / and Air Operated Types. 
yrometers, Recording (for temperatures Control Valves, including Motor Operated 


up to 3000 F.) 
Pyrometers, Indicating (for temperatures 
up to 3000-F.) 


Solenoid and Diaphragm Motor Types 
Control Panels 


Miscellaneous 


Electricity Engine Counters 
Voltmeters, Recording Revolution Counters 
Milli Voltmeters, Recording Averaging Instruments 
Ammeters, Recording Gaugeboard Clocks 
Milli Ammeters, Recording Supplies for Recording Instruments 


FIELD ENGINEERING SERVICE WITHOUT OBLIGATION 


To aid in planning for new equipment, or for installation details Bristol’s Field Service 
Engineer will be placed at your disposal—without any obligation whatsoever. 


THE BRISTOL COMPANY, WATERBURY, CONN. 


Branch Offices: Branch Offices 


Boston | i & mT Chicago 

a Mo 

iladelphia i Wn ni enve 
Ht WN WA 





Pittsburgh St. Louis 
Sivan | iy INSTRUMENTS Los Angeles 
Birmingham | | FOR RECORDING INDICATING CONTROLLING Me San Francisco 








